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ABSTRACT

The primary topic addressed by this report is the use of modular distributed energy
resources (DERs) to reduce investment risk associated with electric utility
transmission and distribution (T&D). A secondary theme addressed by this report is
the possible financial benefit associated with use of transportable DERs as marginal
capacity in lieu of additional T&D equipment. The report includes a characterization of
a basic framework for estimating the risk-adjusted cost for various alternatives that
could serve peak demand, on the margin, for one year including: 1) do nothing, 2)
upgrade the T&D equipment, and 3) utilize various amounts of DER capacity.
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Executi

Introduction

vV e

Summary

This report baracterizes a framework for assessing th
risk-adjusted cost of three alternative approaches to
addressing peak demand for electric power that is ser
by electrical transmission and distribution (T&D)
equipment. The alternatives are: 1) do nothing, 2)
undertake a conventional T&D upgrade involving wires
and/or transformers to add capacity to the existing T&
equipment; and 3) serve peak demarh the margin
using modular capacity from distributed energy resour
(DERS).

DERs used may include oneraore of the following:
distributed generation (DG), geographically targeted
energy efficiency (EE), geographically targeted demarj
response (DR) or distributed electricity storage (DES).
Distributed generation and electricity storage could
include statioary and/or transportable solutions.

This report also provides an introduction to the prospe
of using a fleet of transportable DERs to provide mod(
electrical T&D capacity.

Scope and Purpose

Introduction to Risk
Fundamentally, risk is the potential
specific endeavor or activity to lead
one or more undesirable outcomes

higher than expected cost and/or |
than expected benefits. Underpinni
risk is uncertairsiyout one or more
factors that affect the ultimate cost
ultimate benefit for a given busines
endeavor.

For example, actual financial return
associated with a business endeav
may involve uncertainty about one
more of the followingirifpreseen

Financiaisk involves a combinatiorZ{if

ora
to

er
g

costs that may be incurred such as|the

need for additional equipment or
facilities; 2pe future price for inputs

used for the endeavor such as enefgy,

materials and labor; arfdt8ye
demand and allowable price for the
endeavorodos out pd

The primary purpose of this report is to characterizetheeptof comparing electric utility
T&D capacity alternatives, based on ras#tjusted cost, using a realistic framework and

assumptions. (Rise dj usted cost 1is

d ef i n@udits asimatech e

financial risk.) This comparison ses to identify the alternative with the lowest restjusted

al

cost when and where the utility needs additional T&DJoaa@r r yi ng capacity fAon

The following alternatives are compared: 1) do nothing, 2) upgrade the T&D equipment to add
capaciy using conventional means and 3) use modular DERs which could provide incremental
load-carrying capacity.

Key themes addressed include 1) characterization of a framework for estimatiadjusted

cost for alternatives that could be used to serve eakdn the margin, 2) sources of
uncertainty related to T&D planning and a discussion of related risk and 3) an example case
involving a comparison of those alternatives, given uncertainty, on-adjskted cost basis.

A secondary purpose of this rep@mto provide a highevel characterization of the reasons why
using transportable generation and storage might be an attractive way to deploy
modular/distributed resources. Consequently, this report also includeslavegh
characterization of the mesiof DER transportability, including increased-dgcle benefits
relative to those possible using stationary or permanent systems.



Premises

The overarching premise for the approach described herein is that the concept a@éldressed
comparing alternative®f providing T&D capacity, on the margin, using ras#tjusted cosit
reflects an innovative, economically superior and possibly compelling way of evaluating
alternatives, in part, by considering effects from several sources of uncertainty.

Conversely, iis important to acknowledge that there is risk associated with all alternatives. To
the extent that utility T&D capacity planners can robustly evaluate uncertainty and risk, they can
manage, accept or share risk when prudent aneetiestive.

Another kg premise is that using riskdjusted cost as the basis for utility T&D investment
decisions leads to lower overall utility cadtservicei especially when implemented across the
utilityds portfolio of T&D investments.

Additionally, using transportablejodular capacity to serve some load on the margin increases
the prospects for deriving benefits of those alternatives that are commensurate with the relatively
high cost for modular capacity alternatives.

The approach described in this report may be églhecompelling given the evolution of the
electricity marketplace that is driven by several important factors, especially

1 Emergingmodularelectric power technologies, particularly distributed generation (DG)
and distributed electricity storage (DES)

Numerous manifestations and components of Smart Grid

Increasingly powerful analytical tools.@.,for power engineering and design, capacity
planning and financial analysis)

T&D capacity congestion and T&D upgradelated constraints

Increasing emphasis alistribution management systems (DMS) including predictive
maintenance protocols, remaining life estimation, and Volt/VAR control

1 Increasing uncertainty, about considerations such as environment, fuel price and
availability, electric supply sources and tasd changing electricity engser
preferences

Intended Audience

The audience for this report includes utility distribution planners and engineers, utility finance
staff, regulatory and policy stakeholders with an interest in DERs and/or T&D planning and
finance and DER vendors seeking a richer understanding of the DER value proposition.

Risk-adjusted Cost Evaluation
The Example Case

This report will demonstrate the approach and framework using an example case that is intended
to be realistic. Itincludes x pl i cit consi deration of sources
T&D capacityrelated decisions such as the following:

1 Inherent peak demand growth
1 Block load additions (magnitude and timing)



1 Weather
1 Resour ces 0e.mengnedrirglandlecstrucyion étaff, capital, etc.)
1 Project delaysd.g.,related to permitting, new information or shifting utility priorities)

The costs for 1) the do nothing alternativeaZpnventional T&D upgrade and\&rious
modular DER alternatives will also bedrdssed.

In the example case: The existing T&D equipment is rated at 1RWGEhd currenyear peak

|l oad that i s about 97. &atying Eapacity.dhaflp8aRloaalgu i p me nt
growing at an expected rate of 1.7% per year. Peak load maydexceeh e equi pment 6s |
the next year. Various alternatives to address the expected overload evaluated include 1) do

nothing; 2)proceed with the standard upgrade of the equipment (by adding more conventional

T&D equipment/capacity) whose incrementastis $210/kW added ($52.5/kW of total installed
capacity); or 3) use modular DER capacity to serve peak demand on the meargoad

exceeding the T&D -ocargying capaniyn duiling thenext yeat. | o a d

Importantly, the evaluation addresscircumstances in ospecificyeari in the example, it is

t he fAnext 0 -ugeedemandvidhexpected to éxceed the load carrying capacity of the
existing T&D equipment. So, the evaluation described in this report must be undertagachfor
yearof interest because the cost/benefit relationship for each alternative evaluated changes from
one year to the next. For example, in many cases, the do nothing alternative and deploy DER
capacity alternatives are only competitive for one or two years bafoupgrade of the T&D
equipment becomes the best alternative, @s peak demand grows, the net benefit per kW of

DER diminishes in subsequent years because the risk associated with the do nothing alternative
increases each year, and the amount of D&gfacity needed increases each year).

Uncertainty and Loading

The characterization of T&Pelated uncertainty includes results shown below in Figur&.ES
Specifically, Figure ES shows the various possible levels of maximum overloading of the
existing T&D equipment for the do nothing alternative, for the 27 scenarios considered in the
example case. Also shown aref@ probability that any individual scenario will come to pass
and b) the cumulative probability for a given level maximum overload.

Xi
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FIGURE ES-1. OVERLOADING AND P ROBABILITIES.

Shown in Figure EQ.: Of the 27 scenarios evaluated, there are eight for which the maximum
effective overload in the next year would not
it is assumed thatverloading of less than the overload floor does not cause damage or electric
service outages.) Those eight scenarios are plotted on the lower far left quadrant of the figure.
Given the combined probability of occurrence associated with those eight ess€about 84%

cumulative probability), it is quite likely that that there will not be damage or service outages for

the do nothing alternative.

Conversely, the figure also shows 19 scenarios for which the maximum effective overload

exceeds the overload fioof 4%. For those 19 scenarios, there is T&D equipment damage and

in some cases (involving overloading in exces
Importantly, there is a relatively low probability (about 16%) that any one of those Hissen

would occur. There is an even lower probability (5.9%) that the maximum effective overload

will exceed the 10% overload ceiling, meaning that electric service outages are quite unlikely.

Risk-adjusted Cost Evaluation Results Summary

Figure ES2 showshe scenarigpecific maximum effective overload and the resulting cost
values for the do nothing alternative. (Associated probabilities are shown above in Figuje ES

Xii
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FIGURE ES-2. SCENARIO-SPECIFIC MAXIMUM OVE RLOAD AND RESULTING
COST.

Figure ES3 shavs how the total risk diminishes as more and more DER capacity is added for
the example case. (Adding DER has the effect of decreasing the maximum overload that would
occur). The value in the upper left of that figure reflects risk associated with no dpERity,

which is equal to the risk for the do nothing alternative ($99,116).
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FIGURE ES-3. RISK FOR VARIOUS LEVELS OF DER CAPACI TY DEPLOYED.
Figure ES4 shows results for the example case evaluatethvolving various amounts of

generic, totally reliable (fAiperfectodo) DER cap
(Il abel ed ADo Nothingo) shows théhameyedriseing f or t he
evaluated. That cost is $99,116 per year. The
shows the singlgearspecific riskadjusted cost (direct coglusrisk) for the proposed T&D
upgrade of $107,267.
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FIGURE ES-4. SINGLE-YEAR RISK-ADJUSTED COST FOR T&D CAPACITY
ALTERNATIVES.

The three curved plots show the rest#tjusted cost for various amountsgehericDER, for the
year being evaluated, for the example case. Specifically, those plots shadjusted cost for
perfect DER whose annual total direct cose( total cost to own and to operate the DER) is
$75/kW per year ($75/kvyear), $100/kWyear and $150/kWear.
Risk-adjusted cost minima are shown (circled) for the three DER plots. At those points,the risk
adjustedcet f or perfect DER capacity 1 s minimized

There are at least two notable observations based on FiguteH#St, for the specific year

evaluated, the do nothing alternative has a loweragjiusted cost thamé T&D upgrade.

Second, as one would expect, the optimal amount of DER capagifthé capacity that results

inthe lowestriskadj usted cost) is a function of the DE

| f perfect DHEROC ap a ®ictt y-§eardiieethe bptimbl DERD / k W
deployment (on a riskdjusted cost basis) is 150 kW. That DER would have a direct cost of
$22,500 for one year and the risk (due to undersizing) is about $71,842. So, for 150 kW of
perfect DER costing $150/k\Wear, the singlgrear riskadusted cost is about $94,342vhich

is somewhat more competitive than the do nothing alternative (whosadjiskted cost is
$99,116).
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For perfect DERs whose annual total direct cost is $108/&%, the optimal DER deployment
(on a riskadjusted cost Iss) is 250 kW. The direct cost for that DER is $25,000 and the risk
due to undersizing is $58,246 for a total +&skusted cost of $83,246. By comparison, that is
lower than the risk for doing nothing ($99,116) by $15,870 (16%).

Finally, if a perfect DER s a n #inudigett coatlis I$75/k\Wear, then the optimal amount of
DER is 600 kW. The direct cost is $45,000 per year, and the risk related to undersizing is
$28,072 for a total risldjusted cost of $73,072 for the year. That is lower than the dmgot
alternative by $99,116%$73,072 = $26,044 (about 26.3%).

This analysis involving genericDERs with perfect reliability provides a general indication of
the relationship between DER cost and the optimal amount of DER (capacity) to install.
However eventually the evaluation has to add@astsial DERs (.e., DERs that are available and
that can be deployed). That exercise is the culmination of the evaluation undertaken to identify
the deployable alternative with the lowest risk adjusted cost.

The four real alternatives that are compared for the example case, including two with actual
DERs, are

1. Do nothing.
2. Do the T&D upgrade.

3. Renttwo 250 kW (500 kW total) diesel engine generator sets (gensets), one for the
three hottest months of the year and famahe five hottest months of the year.

4. Rent one 250 kW genset for the three hottest months of the year and one 350 kW
genset (600 kW total) for the five hottest months of the year.

In addition to those four real alternatives, two hypothetical alterrsatine evaluated: 500 kW
of perfect {.e., perfectly reliable) DER costing $100/kyéar and 2500 kW of perfect DER
whose cost is $100/kWear. (Those two perfect DER alternatives could represent demand
response resources.)

(Note that 500 kW is about2P46 of the existing T&D capacity of 12,000 kW and 600 kW is
about 5% of the existing T&D capacity. That compares to a probaméitghted [expected
value] for maximum effective overload of 339 kW [2.82%] for the example case.)

The riskadjusted costevaltai on cul mi nates with a-adjustedmetr i S on
cost, which includes risk, direct cost and a credit for energy produced (if any). Of course, the

energy credit only applies if the DERs are actually operated and if the DERs actualigeprod

energy output. The comparison is shown graphically in FigurB.ES
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FIGURE ES-5. SINGLE-YEAR RISK-ADJUSTED NET COST COMPARISON OF
ALTERNATIVES.

The riskadjusted net cost for 500 kW of perfect DER costing $106yleaf is $82,313. That is
$24,995(23.3%) lower than the cost for the do upgrade alternative and $16,804 (17%) lower
than the cost for do nothing. For 600 kW of perfect DER (costing $1094a#k), the risk
adjusted net cost is $83,853 which is about $23,415 (21.8%) lower than for theeuagda
$15,264 (15.4%) lower than doing nothing.

Renting one 250 kW diesel genset for three months and an additional 250 kW genset for five
months has a riskdjusted net cost of $78,080. That is $29,187 (27.2%) lower than doing the
upgrade and $21,036 (2%6) lower than doing nothing.

The alternative involving rental of two gensetd50 kW for three months and 350 kW for five

monthsi has the lowest riskdjusted net cost: $77,761, which is about $29,507 (27.5%) lower

than doing the upgrade and almost 856 (21.5%) lower than doing nothing.

(See Appendix G for details about the gensets

Risk for T&D Oversizing

Not addressed in this report: A potentially significant risk related to any T&D upgrade
investments that the upgrade may be undertaken before it is actually needegdak demand
does not grow as fast as expected or if block load additions are delayed). In some cases, the
upgrade may not be needed at alf(,if there is no peak demand growthibbexpected block

load additions do not come to fruition). In either case, there is financial risk related to the
underutilized capacity.g.,there is no revenue associated with the capacity added).
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Key Conclusions
Risk-adjusted Cost

Several conclusits can be drawn based on the results of this work. Perhaps the most important
conclusion is that use of risddjusted cost does not simply provide a better way to identify a
solution. Rather, it increases the alternatives available to the T&D plannehréssadapacity
constrained situations.

Il n the past, when peak | oading on a-cafyyw® node
limit, the two primary alternatives available to the T&D planner were to 1) upgrade the $ystem
usually by adding a relativelyar ge amount (a. k.a. Al umpo) of

equipment or 2) do nothing and hope that capacity limits are not exceeded. Including modular
DER alternatives in the evaluation provides a much richer range of possibilities.

When an upgradis or will be imminent, T&D planners may include DER capatiteployed
to defer the need for the upgrade by serving marginal peak demand in the néxhybair
evaluation of alternatives.

The optimal amount of DER for any given circumstance is lagéunction of the DER annual
cost. As illustrated in Figure E& The lower the DER annual cost, the more DER that should be
installed. This is because, for a given amount of DER capacity, there is-affrhgéveen the
potential economic consequencésn overload and the cost associated with the DER
investment.

These results provide T&D planners, policymakers and researchers with a basis for further
consideration of the concept as an important element of the utility T&D planning framework.
Other cosiderations also make this concept attractive as a topic for further development:

1. Though estimating the greater economic value of this approach is beyond the scope of this
report, presumably the stakes are largevell into the billions of dollars.

2. Thoughthe riskadjusted cost approach is a departure from traditional T&D expansion
planning practices that are based on rules and reliability bencrénarks

0 The riskadjusted cost approach has characteristics in common with existing T&D
planning approaches. Mosttable is the need to address planning uncertainties
and to effectively accommodate an increasing array of technically viable DERs.

0 The riskadjusted cost approach is consistent with emerging T&D planning
techniques that are more sophisticated, incorpayatredictive maintenance and
other statistical, modeling, and financial approaches to optimizing T&D capacity
use and life.

3. It seems important to consider more explicit and transparent treatment of risk as an
element of sophisticated treatment of T&D (@ees) pricing.

4. Even greater cost reductions than those indicated by the-s@aievaluation
undertaken for this study may accrue for a rydiéar buildout of utility T&D capacity
using modular resources.

5. The electrical grid of the future will involvaore complexity, more uncertainty and more
dynamic influences. To accommodate these changes, presumably, utility operators and
planners will make more use of stochastic models and evaluation frameworks, rather than
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relying on approaches that are deterntiniand/or that emphasize solutions for the
Awor st caseo.

Although not addressed directly in this report, a significant installed base of DERs could be an
element of electric supply and/or fuelated risk management strategies, depending on the type
of DER and fuel used.

Transportability

While not common practice today, the use of transportable, modular DERs to serve localized
peak demand on the margin could become an important element of the grid of the future. One
important reason to use transportable DERs is that they provide uitilées possibly even
electricity endusersi with more flexibility than stationary DERs. That flexibility may be

important as utilities must address increasing competition and uncertainty from several sources
including capital markets and regulation andtcoserowned and thirgparty-owned DERS.

Consider that transportable DER capacity can be quickly deployed when and where needed.
DERs in a fleeti(e., multiple DERS) could be redeployed or removed easily. Transportable

DERs can be used several or even yrtanes, increasing the chance that-tfecle benefits will

exceed cost. For example, the same DER capacity could be used at different locations throughout
its lifetime. Also, transportable DER capacity could be used a) during summer for locations that
have a significant peak demand related to air conditioning and then b) redeployed later in the

year (after summer) to locations with a high winter peak demand.

Key Caveats

Readers are urged to consider that using aadglested cost comparison to identifyetmost
attractive alternative for serving customer demand on the margin is not common practice.

Indeed, the presentation of the concept in this report is meant to indicate a new way of thinking
about T&D capacity expansianone that involves incremental ftip-tuisine 6 capaci ty a
and a more explicit characterization of the risk associated with T&D investments.

The riskadjusted cost comparison approach is not common practice for several reasons. First,

utility regulations typically do not addre$&D investment risk fully or robustly. Second, use of

most modular capacity alternativesd.,distributed generation or electricity storage and

geographically targeted demand response) is not common, especially as a way to serve demand
onthemarginof & D capacity. Third, most wutilities do
modular capacity within specific parts of the T&D system.

It is also important to note that some of the data and calculations used herein to demonstrate the
concept required siptifying assumptions and approaches, as well as engineering judgment.
Especially notable are data and/or approaches used to estimate the following:

1 Customer outageelated costs

1 Effects of high ambient temperature on peak demand
1 The magnitude and frequenclpeak demand
1

Cost related to damage to the existing T&D equipment resulting from overloading,
including existing life and remaining value

1 T&D equipment derating due to high ambient temperatures
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Nonetheless, the authors firmly believe that the conceparaparing alternatives on a risk

adjusted cost basis is at least somewhat compatible with existing regulations and emerging utility
practices. Furthermore, such an approach is becoming more practical given technological

advances and changes in the eleityrimarketplace, such asia)proving means to undertake
predictive maintenance with potentincebsingo asse
sophisticated T&D planning tools, ttje accelerating move to Smart Grid anéaherging

interest in nedular/distributed alternatives to central generation and to T&D capacity.
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A/C
CPP
DER
DES
DESS
DG
DISCO
DMS
DPA
DR
EE
FCR
genset
I/C
IEEE
IOU
kv
kVA
kw
kWh
LDC
LMP
MDCC
MES
MW
MWh
Oo&M
PIER
RAP
SAIDI
SAIFI
T&D
UPS
VAR
VPP

NOMENCLATURE

Acronyms and

air conditioning

critical peak pricing

distributed energy resource

distributed electricity storage

distributed electricity storage system
distributed generation

distribution company

distribution management system
distribution planning area

demand response

energy efficiency

fixed charge rate

engine/ generator AfAset
interruptible or curtailable (load programs)
Institute of Electrical and Electronics Engineers
investor-owned utility

kilovolt

kilovolt-Ampere (aka: kilovolt-Amp)

kilowatt

kilowatt-hour

load-duration curve

locational marginal pricing

marginal distribution capacity cost

modular electricity storage

megawatt

megawatt-hour

operations and maintenance

Public Interest Energy Research Program
Regulatory Assistance Project

System Average Interruption Duration Index
System Average Interruption Frequency Index
transmission and distribution

uninterruptible power supply

volt-Ampere reactive

virtual power plant
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Gl ossary

Ancillary Servicesi Those services necessary to support the transmission of electric power
from seller to purchaser given the obligations of control areas and transmitting utilities within
those control areas to maintain reliable operations of the interconnected tramssysgem. (As
defined by the Federal Energy Regulatory Commission, FERC)

Avoided Costi A cost that can be avoided if an alternative (including doing nothing) is used.

Block Load Addition 7 An entirely new load that is to be connected to the electricity grid.
Examples include ontme load additions involving new commercial and housing developments
or new equipment with a large power draw relative to the-t@aid/ing capacity of the T&D
equipment that serves the load.

Capacity i The amount of utility infrastructure needed to generate, transmit or deliver electric
energy to customers. Generation, wires and transformers are rated in veaigoiver €.g.,
kiloWatts or MegaWatts) axpparentpower €.g.,kiloVolt-Amperes or kVA).

Capacity Credit i The degree to which a given portion of the electricity infrastructure provides
capacity valueFor example, during some days wind generation only generates electricity at a
rate that is 20% ofstmaximum rate (maximum rated power output). That resource has a
capacity credit of about 20%.

Capacity Value i The financial value associated with additional capacity in a given portion of

the utility infrastructure. Often the value is related to thedmaicost for the most likely

alternative. For example, if a utility needs additional generation capacity to serve peak demand

on the margin then the value of additional capacity might be pegged at the cost $onp)e

cycle combustion turbine or bBdtional demand response resourdes (whichever is assumed

to be the Aproxyo or default capacity resourc

Casei The specific circumstance (year, location, node within the grid) being evaluated (also
referred to as Athe example caseo).

Carrying Chargesi The annual financial requirements needed to service debt or equity capital
used to purchase and to install the storage plant, including tax effects. For utilities, this is the
revenue requirement. See alsged Charge Rate

Cost of Capitali The annubinterest rate and/or stock dividend rate.

Critical Peak Pricing (CPP)T A fivery higho price for electric
when electric supply resources and/or transmission capacity are in short supply.

Demandi The maximum power draw by electricity enders during a specific period of time.
Normally expressed in units of kilowatts (kW) or megawatts (MW). Sed_alzsad

Demand Response (DRi Controlled reduction of power draw by electricity emd e r s 0
electrcity-using loads (sometimes referred to as responsive loads), accomplished via
communication and control protocols, done in part or primarily to balancgmeatiemand and
supply orin lieu of adding generation and/or T&D capacity.

Derating T Reduced lod-carrying capacity due to various circumstances, for example, high
ambient temperature.
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Design Temperaturei The ambient temperature assumed when establishing power draw,
generation capacity or T&D loachrrying capacity (design rating).

Distributed Energy Resource (DER)i An electric resources(g.,demand response, distributed
generation or distributed energy storage) that is located at or near loswislly within or at the
end of the electrical distribution system.

Distributed Generation (DG) i A type of distributed energy resource (DER) that converts
energy in a fueld.g.,natural gas) to electricity.

Distribution Company (DISCO) i A utility entity whose responsibilities include distribution of
energy and customer service.

Distribution Planning Area (DPA) i A specificportion of the utility service area which is
served by specificpart of the wutilityds distribution in

Distribution 7 SeeElectrical Distribution

Direct Costi The sum total of all costs to own or to rent an alternaitivdiding some or all of

the following: rental charges, equipment purchase and delivery cost, project design, installation,
depreciation, interest, dividends, taxes, service, consumables, fees, permits and insurance. Direct
cost reflects point estimatesfoture values without regard to uncertainty.

Effective Overloadi Electricity enduser demand (power draw) that exceeds the T&D

e gui p me wdrmgirg caparity,dafter accounting for the effects of high temperature, such as
a)increased endser demandklated to space air conditioning and refrigeration arrédh)ced

T&D equipment loaecarrying capacity, relative to the design temperature. Effective overload is
expressed as eitherappecific power level and/orh) per cent age of the T&D
design rating.

Electrical Distribution 1 Electrical distribution is used to send relatively small amounts of
electricity over relatively short distances for delivery of electricity to@sats. It is connected to
the transmission system. In the Unitedt&adistribution system operating voltages generally
range from several hundred volts to 50 kV (50,000 V).

Electrical Equipment Power Rating (Rating)i The amount of power that can be delivered

under specified conditions. The most basic ratingisaneoeipt finamejptheat eo r at i
equi pment s nominal power delivery rate wunder
as wel | . For example, T&D equipment often has
rating. That is the sustainable power delivetgrunder emergency conditiosd.,when load

exceeds nameplate rating by several percentage points). Operation at emergency rating is

assumed to occur infrequently, if ever. See @lapacity

Electrical Subtransmissioni Subtransmission transfers siealamounts of electricity, at lower

operating voltages than transmission circuits. In the United States, distribution system operating
voltages generally range from several thousand volts to about 200,000 Volts (kiloVolts or kV).

For the purposes ofthsst udy, Atransmi ssion and distributic
subtransmission and not higapacity/highvoltage transmission systems. See &llsztrical

Transmission

Electrical Transmissioni EIl ect r i c al transmission ids the fAba
Transmission wires, transformers and control systems transfer electricity from supply sources
(generation or electricity storage) to utility distribution systems. Relative to electrical distribution
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systems, the transmission system is used to sereldangunts of electricity over relatively long
distances. In the United States, transmission system operating voltages generally range from 200
kVto 500 kV. Transmission systems typically transfer the equivalent of 200 to 500 MW of

power. Most transmissiosystems use alternating current, though some larger, longer

transmission corridors employ high voltage direct current. Sedcddstrical Subtransmission.

End Statei One possible future outcome as defined by a probability tree. Also known as a
Scenario

Eventi SeeOverloading Event
Example Case SeeCase

Expected Valuei The expected value (of a random variable) is the sum of the probability of

each possible outcome (scenario) multiplied b
representstheavea ge val ue that would be fAexpectedo if
many times. It is important to note that the expected value is not expected in the more general
sense; in fact, the expected value may be an unlikely or even impossible outcome.

Excess Demand Electricityendu s er demand (power draw) that e
design rating for loadarrying capacity. Excess demand is expressed@sagr draw (rate), in
units of kW or MW and/orbhd per cent age of t hneatng&D equi pment

Financial Risk i Moneyrelated implications associated with uncertainty. SeeRilso

Fixed Charge Rate (FCR)i A value used to convert capital plant installed cost into an annuity

or Al evelizedod equi val eaaryind chaaggsioe capithl equienmemt.e s e n t
The FCR includes consideration of interest and equity return rates, annual interest payments and
return of debt principal, dividends and return of equity principal, income taxes and property

taxes. The standard asspton value for this report is 0.11.

Genseti Engine generator set that includes an engine, a generator and possibly other equipment
needed for genset use. (For this report, gensets are rented and they are powered by a diesel
fueled engine prime mover.)

Hot Spoti An area or node within a utilityds T&D s\
related to some combination of a) high demand relative to load carrying capacity,
b) unacceptable power quality oruyacceptable reliability.

Inherent Load Growth T Routine or normal load growth mostly associated with increased
business and leisure activities. Inherent load growth is also affected by effectiveness (or lack
thereof) of energy efficiency and demand management programs.

Interruptible or Curtailable Load P rograms i Utility programs that provide consideration
(eg.di scounts) in return for the right to fAinte
specific endusers when the utility is short of energy and/or capacity.

Investor-owned Utility (IOU) T A utility that is owned by investors (stockholders).

Load 1 Electric power required for operation of electrieitying equipment. Normally load is
expressed in kilowatts (kW) or megawatts (MW). See Blsmand

Load-carrying Capacity 1 The amount of load (aver draw) that a given portion or element of
the T&D system can serve. Units are kiloWatts (kW) or MegaWatts (MW).
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Load-duration Curve (LDC) i Hourly demand values (usually for one year), arranged in order
of magnitudé regardless of which hour duringetlyear that the demand occurs. Values to the

left represent the highest levels of demand during the year and values to the right represent the
lowest demand values during the year.

Load Factori The ratio of the amount of energy that is actually producadsmitted,

distributed or used during a given amount of time (usually a year) to the maximum amount of
energy that could have been produced, transmitted, distributed or used during the same time.
Example: A 1 MW generator operates for 4,000 hours perpreducing 4,000 MW per year. If
operated during the entire year, the generator could produce 8,760 MWh. The load factor is
4,000- 8,760 = 45.7%.

Load Growth T The total increase of peak demand when accounting for both inherent load
growth and block load additions.

Locational Marginal Pricing (LMP) T The cost of serving the next MW of load at a specific
location when considering marginal cost of generati@amsimission congestion related cost, and
energy losses.

Marginal Cost i The cost to produce or to procure the next increneegt,of energy or
capacity). The increment al cost is said to be

Marginal Distribution Capacity Cost (MDC C) i The cost for incremental capacity added to
the distribution system.

Maximum Effective Overload i The maximum effective overload that occurs during a year for
a given scenario. See al&ffective Overload

Maximum Overload i SeeMaximumEffective Overdad

Modular Electricity Storage (MES) T A system that stores and discharges electric energy that
can be deployed as several/many individual modules rather than as one or a few large units.

Nameplate Ratingi The nominal power delivery rate, for specif¢@i pment , under foc
conditions. 0O

Overloading i The condition whereinerd s er | oad e x c ecarnyisg cdpacey. gr i d 6 s

Overloading Eventi Any circumstance that involves overloading. More specifically, for each
scenario, there may be one or moverloading events, depending on the scerspexific load
and the scenarispecific maximum temperature.

Operations and Maintenance (O&M)i Costs incurred to operate and to maintain a specific
plant/system. O&M may be fixed (the same for each periddoarttregard to how much a
plant/system is used) or variable (varies depending on the amount of use).

Peak Demandi The maximum level of electric power draw during a specified period of time.
Daily peak load tends to occur in late afternoon and early eyemnveekdays. Annual peaks
tend to occur on hot summer days though peak load on some parts of the grid occur during
winter when heatingelated loads increase.

Peak Loadi SeePeak Demand

Power Quality i In general terms, power quality (PQ) is defineddzhon a set of boundaries
such as highest and lowest acceptable voltage or highest acceptable harmonic digtation
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are necessary for electrical systems to function as intended and without significant loss of
performance or life.

Probability 7 Thelikelihood of a specific future outcome. The chance that a specific scenario
will occur.

Probability Distribution T The range and likelihood of possible future outcomes.

Revenue Requiremeni For a utility, the amount of annual revenue required to payiogrr
charges for capital equipment and to cover expenses including fuel and maintenance. See also
Carrying ChargesandFixed Charge Rate

Risk T The expected value of a cost (expressed in dollars) given applicable uncertainties and
probability distributios associated with those uncertainties.

Risk-adjusted Costi Total cost for one alternative when summing the direct cost to own and
operate the alternative plus the financial risk associated with that alternative.

Scenarioi One possible future outcome (@obability tree end state). In the example case,

there are 27 scenarios given that there are 3 sources of uncertainty and 3 probabilities assumed
for each. Depending on the scenaspecific load and maximum temperature, there may be one

or more overloadig events for a given scenario. (The 27 Scenarios are shown in Appendix H.)

Subtransmissioni SeeElectrical Subtransmission

System Average Interruption Duration Index (SAIDI) i The duration of sustained
interruptions (lasting five minutes or more) expaded by customers of a utility in one year.

System Average Interruption Frequency Index (SAIFI)i The frequency of sustained
interruptions (lasting five minutes or more) experienced by customers of a utility in one year.

Transmissioni SeeElectrical Trarsmission

Transportability i The characteristic of being movable, given practical limits, especially weight
and size.

Uncertainty i The state of being unsettled, in doubt, or dependent on chance. Ambiguity,
especially about negative implications. A sitaatfor which the result or outcome may only be
estimated due to incomplete or imperfect knowledge about the subject addressed.

Unserved Energyi Energy that would be used if it could be delivered and cannot be delivered
because of an unplanned interruptadrelectric service.

Value Propositioni All benefits plus all costs, including risk, that are associated with an
investment or purchase.

Volt/VAR control T Combined real time control/management of voltage, reactive power (VAR)
and power factor, for optiom performance from an electricity distribution system. Also known
as Volt/VAR Control (VVC) or Integrated Volt/VAR Control (IVVC).
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Conventions Used in this R

For simplicity, units of power or loadarrying capacity will be expressed in kilowatt8\(k

although, in some cases, kilovalnperes (kVA) may be more appropriate. For example, utility
equipment is rated in units of kVA rather than kW. For the purpose of this study, the distinction
is not important.

The termtransmission and distributiofT & D) is used throughout this document. It is important

to note that the focus of this study is on distribution and subtransmission systems, rather than
higher voltage, higher capacity fAbul kothet ransm
criteriaused to decide whether to add transmission capacity are somewhat different than those

used to justify a subtransmission or distribution upgrade and 2) the role for DERs that serves the
transmission system directly may be different than the roles servieB Ry used for

subtransmission and distribution capacity. In this report, the term T&D refers to subtransmission

and distribution.

The termdoad anddemandare also used interchangeably except for the following: The term
Aexcess de man damounsofpiak lamane that exseeds thesrateddaaygling
capacity of the T&D equipment; the telsn fieffe
effects related to T&D equipment derating due to high ambient temperature.

XXVil



XXVili



1. INTRODUCTION

1.1. About this Document

This report addresses the concept of usingadjlisted cost as the basis for comparing
alternatives when the utility needs to add leadrying capacity (capacity) to the transmission

and distribution (T&D) infrastructure.

The ned for additional T&D capacity materializes whe
customer load is approaching the lezdrying capacity
of the existing equipment. That need for additional
capacity is normally add
additions involving additional and/or new equiprhe
whose loaecarrying capacity is significantly (25% to
50%) higher than that for the existing equipment.

Two alternatives to such an investment are 1) do noth
or 2)use modular distributed energy resource (DER)
alternatives that can be used to previcremental load
carrying capacity to serve load on the margin, as need

1.2. Scope and Purpose

This report describes a framework for comparing
traditional and modular alternatives for addressing T&
capacity constraints on a riskljusted cost basis. The
aternatives compared include @) nothing, byo the
standard upgrade andiostall one of four modular DER
capacity levels and configurations. DERs could includg
energy storage, generation, load management (

demand response) and geographictlgeted energy

Introduction to Risk
Fundamentally, risk is the potential

for a

specific endeavor or activity to lead|yo O

one or more undesirable outcomes
Financiaisk involves a combination

of

higher than expected cost and/or lower

than expected benefits. A key
underimning of risk is uncertainty aQ
one or more factors that affect the

out

ultimate cost and the ultimate benefit for

a given business endeavor.

For example, actual financial returnf
r

associated with a business endeav
may involve uncertainty about

1)unforseen costs that may be incy
such as the need for additional

equipment or facilitiesh&)future pric
for Ainputsodo use
as energy, materials and labor; and
3)future demand and allowable prig
the endeavor 6s

d

e for

efficiency.

This report also provides a hig¢vel characterization of the merits of DER transportability,
including increased lifeycle benefits relative to those possible using stationary or permanent

systems.

The primary purpose of this reft is to characterize the concept of comparing electric utility
T&D capacity alternatives based on ra#fjusted cost using a realistic framework and
assumptions. The riskdjusted cost for an alternative is its direct ghssits estimated financial

risk.

The objective of such a comparison is to identify the alternative with the lowestdjissted
cost for deployment when and where the utility needs additional T&Ddaaging capacity. A
secondary purpose is to provide a highel characterizationf the merits of transportable
modular energy resources relative to permanent/stationary equipment.

In more general terms, an important objective for this report is to present the concept of risk
adjusted cost comparison as a new way of thinking about @#dacity expansion involving

f

cap

or

out put .

t



i ncr emenAntailme o jcuassppaci ty additions and to provi
risk associated with T&D investments.

1.3. Premises

The first and most important premise for the concept documented in this repatttisere is
uncertainty and risk associated with all alternatives that could be used for T&D capacity on the
margin. Furthermore, understanding the sources of uncertainty and magnitude of risk allows
T&D planners to make superior investment decisionavmyding some sources of risk and by
making prudent responses to other sources of risk. (See Appendix A for an introduction to the
concept of risk management, with an emphasis on risk within the electricity marketplace.)

Another important premise is thapartfolio approach to T&D investingone that includes
consideration of direct cost, uncertainty and
investments yields a lower overall cost (of service) borne by utility ratepayers while ensuring

tha utility investors receive authorized returns.

A third premise for this report is that using modular capacity to serve load on the margin
increases the prospects for deriving benefits from DERs that are commensurate with the
relatively high cost for mo$DER alternatives (compared to conventional electric utility
alternatives).

The approach described in this report may be especially compelling given the evolution of the
electricity marketplace. That evolution is driven by several important factors, agpgand in
no particular order):

1 Emergingmodularelectric power technologies, particularly distributed generation (DG)
and distributed electricity storage (DES)

Numerous manifestations and components of Smart Grid

Increasingly powerful analytical too{s.g.,for power engineering and design, capacity
planning and financial analysis)

T&D capacity congestion and T&D upgradelated constraints

Increasing emphasis on distribution management systems (DMS) including predictive
maintenance protocols, remaigitife estimation, and Volt/VAR control

1 Increasing uncertainty, about considerations such as environment, fuel price and
availability, electric supply sources and cost and changing electricitysard
preferences

1.4. Intended Audience

The audience for thieport includes utility distribution planners and engineers, utility finance
staff, regulatory and policy stakeholders interested in distributed energy resources (DERs) and/or
T&D planning, and DER vendors seeking a richer understanding of the DER vabasipomn.



1.5. Introduction to Uncertainty and Expected Value
1.5.1. Overview

Perhaps without exception, all human endeavansluding T&D capacity planning are

affected by uncertainty. In basic terms, uncertainty can be described as doubt or ambiguity about
a future outcome or result. Uncertainty can come from a variety of sources. A few typical

sources of uncertainty for businesses include a) changing demand for a product or service,

b) possible shortages of materials used for manufacturingliapility of equipment used to

make a product or to deliver a service, d) types and level of expenses that may be incurred when
making a product or when providing a service and e) the availability of sufficient capital. To the
extent that a source of uncertainty is a$ded explicitly, a range of values could be used to

reflect the spectrum of possible future values. (Those values are estimated based on some
combination of the best available information and sound judgment.)

Consider a util it yodmscoyddadkpressedaa agpectgum ofywdssible whi ¢
values reflecting low, most likely, and high demand growth. Those values are established after
evaluating historic load data and considering likely load additions and overarching economic
conditions. As an exaple: At the low end, demand may grow as little as 0.9% while at the high

end, peak demand growth might grow by 2.6%, with the most likely value being 1.72%. For such

a range of possible values, there is a distinct likelihood of occurrence (probabddgjeasd

with each.

1.5.2. Expected Value

Theexpected valueeflects the spectrum of possible future values coupled with the likelihood

that each value will occur. It is a composite value that reflects a range of possible future
outcomes. Expected value is cditad by multiplying each possible future value by the

likelihood (probability of occurrence or just probability) that the value will occur. All of those
values are summed to calculate the expected (or probabkédityhtedaverage) valuelablel

illustrates the expected value calculation for the load growth example situation described above.

Table 1. Simple Example of Expected Value Calculation for Load Growth Rate

Probability-
Load Weighted

Scenario Growth | Probability Value
Low| 0.9% 20% 0.18%

Most Likely] 1.7% 60% 1.02%
High 2.6% 20% 0.52%

Expected
Value 1.72%

Continuing with the growth rate example just above as an example: T&D planners believe that
there is a 60% chance that demand growth will be the most likely rate (1.7%). They also believe
that there is a 20% chanckstow growth (0.9%) while the estimated chance that demand will
grow more rapidly (2.6%) is also 20%.



1.5.3. Expected Value for Multiple Sources of Uncertainty

In most cases, there is more than one source of uncertainty. Consider an example involving two
sources of uncertainty addressed in this report: 1) maximum ambient temperature and 2) load
growth.

To evaluate the possible implications of two sources of uncertalogd growth and maximum
ambient temperature as an exanipthe first step is to combinealue and probability data for
both of those criteria into a common framework as showrabie2.

The values irmmable2 indicate 1) the load growth values showablel, above, and

2) maximum ambient temperature. From the example: There is a 30% chance that the maximum
ambient temperature will not exceed 105°F, a 60% chance that the maximum temperature during
the year will be the expected value 107.5°F levthere is a relatively modest 10% probability

that the maximum temperature will equal or exceed 110°F.

Table 2. Simple Example of Scenarios Involving Two Sources of Uncertainty

Load Growth Rate (%) Maximum Temperature (°F)
Criterion Temp. [ Criterion Scenario
Case Rate (%) | Probability Case (°F) Probability | Probability

0.9% 20.0% Low| 105.0 30.0% 6.0%
Low 0.9% 20.0% Most Likely| 107.5 60.0% 12.0%
0.9% 20.0% High{ 110.0 10.0% 2.0%
1.7% 60.0% Low| 105.0 30.0% 18.0%
Most Likely 1.7% 60.0% Most Likely| 107.5 60.0% 36.0%
1.7% 60.0% High| 110.0 10.0% 6.0%
2.6% 20.0% Low| 105.0 30.0% 6.0%
High 2.6% 20.0% Most Likely|] 107.5 60.0% 12.0%
2.6% 20.0% High[ 110.0 10.0% 2.0%

Also shown inTable2: 1) there is a 6% chance that load growth and maximum ambient
temperature will both be at their lowest respective valuebe?g is a 36% clmee that load
growth and maximum ambient temperature will both be at or about their most likely values
(1.7% load growth and 107.5°F, respectively) anth8je is a 2.0% probability that load growth
and ambient temperature will both be at their respebite values (2.6% load growth and
110°F, respectively).

Note that each line item ifiable2 comprises &cenario(one possible circumstance or future
condition), also known as an esthte. Note also that the situation showmaile2 reflects

three values (low, most likely, and high) for two sm# of uncertainty (load growth and ambient
temperature) so there are 3x3 = 9 value/probability combinations (scenarios) in the example.

1.6. Expected Value and Financial Risk

In simple terms, financial risk involves the moneyated implications associatedthwvi
uncertainty. When evaluating financial risk, after uncertainty has been characterized, the next
step is to ascribe financial implications to the scenarios.

As an illustration of how uncertainty and risk are estimated, consider the simplified example in
Figurel. The case and scenarios shown reflect two possible values (high and low) for two
sources of uncertainty (load growth and maximum ambient temperature).stilie reflect four



possible future outcomes (scenarios), each with its own probability and level of overloading. The
cost values shown are those associated with overloading that would occur for the respective

scenario.

Load Growth
Uncertainty

50% chance
load growth < expected

no overload

Temperature

Uncertainty

90% chance
temperatures= normal

0% overload

50% chance
load growth > expected

10% overload

10% chance
temperature > normal

7% overload

90% chance
temperatures= normal

10% overload

Figure 1. An

10% chance
temperature > normal

17% overload

exampl e

of

Scenarios

45%chance
no overload

5% chance
7% overload

45%chance
10% overload

5% chance
17% overload

Cost ($)

Gross, for Probability
EndState Adjusted

$0

$50,000

$170,000

$425,000

$0

$2,500

$31,500

$76,500

Expected Value$100,000

do

not hi

ng

alternati veos

Figurel shows that there is a 50% chance that load growth will be less than projected, causing
no overload, and there is a 50% chance that load will be higher than expected, causing a 10%

overload.

Regarding temperaturelated uncertainty: In any given yearriénés an assumed one chance in

ten that the maximum temperature will exceed the design temperature of the T&D equipment. If
that happens, temperatwnedated overloading is expected to occur. Of course, that means that
there is a 90% chance that tempemtuill not exceed the design temperature.

Finally, the probabilityadjusted cost value for each scenario is calculated as follongrase

cost associated with a specific scenair®. (each enestate reflecting a specifaverloading

level) is multipled by the probability associated with the scenario. Those probadjirgted

cost values are summed to calculate the expected value of cost due to overloading. In the simple
example shown in Figure 1, there is a cost (expected value) of $100,000 adswittathe do

nothing alternative.

1.7. Risk-adjusted Cost Evaluation Framework Scope

1.7.1. Example Case for Assessing Risk

Throughout this report, an example case is used to demonstrate the concepts and techniques
characterized. The example is designed to be tieadisd to demonstrate key facets of the

evaluation.

Qualitatively, the example case reflects a situation for which customer load is about to exceed
the loadcarrying capacity (capacity) of existing T&D equipment, such that T&D planners expect
equipment werloading in the upcoming year.



The evaluation of the example case leads to a comparison of various alternatives that could be
used to serve excess |l oad during the next yea
adjusted cost.

Theexampleef | ect s Asummer peaking. o That is, the I
serve occurs during the summer when air conditioning (A/C) related demand is highest and when
refrigeration equipment operates for a significant portion of the time.

1.7.2. One-year Planning Horizon

The approach used for this report involves evaluating the distribution plasfecgicyear.
Furthermore, the specific year evaluated is w
considerations related to the next year will tend to domimatst final decisions about T&D

upgrade investments, failure to consider possibleyeat circumstances may result in a

suboptimal investment portfolio over time. So it is prudent to consider amgpeeific plan in

the context of other time periodscsuas three, five, and ten years.[1]

To do a multiyear riskadjusted cost evaluation, the singtear analysis documented in this
report would have to be undertaken for each year being evaluated and would have to account for
the timevalue of moneyAppendix B includes a discussion of myfgar deferrals.

1.7.3. T&D Capacity Alternatives

The two conventional T&D capacity expansion alternatives evaliiadedhothing and add load
carrying capacity to existing T&D facilitiesare compared to various amouatgeneric
modular distributed energy resources (DERS) located where and when needed.

1.7.4. T&D Planning Uncertainty Sources

Like almost all other business decisions, to one extent or another, uncertainty affects decisions
about investments in T&D upgrades. Iedean important element of the art of T&D engineering

is addressing uncertainty. For this study, the key sources of T&D planning uncertainty addressed
are 1) inherent load growth, 2) block load additions or reductions, and 3) weather (temperature).
Also addressed are 1) T&D upgrade construction delays, 2) DER reliability, dDER)

undersizing.

1.7.5. End-user Outage Cost

Normally, a first step in comparing the merits of various T&D alternatives is to establish each
alternativeods ef f secvice raiability. hhese effectslare tegordcibed vith e c t r i
specific reliability metrics used by wutilitie
obligation to serve and/or or they may be based on industry standards. The most familiar indices
used as benchmarks for electric service reliability are the System Average Interruption Duration
Index (SAIDI) and System Average Interruption Frequency Index (SAIFI). SAIDI and SAIFI are

both described in Appendix C. (Ultimately, alternatives that redel@bility too much are

screened out.)

For the evaluation methodology documented herein, perhaps the most significant departure from
standard practice is the use of monetized costs that electrichysensl would incur due to

service outages (caused lgnsce interruptions and/or poor power quality). Those costs are used
to estimate outageelated risk. The amount assumed for-end e r s Grelaied toat gelects a
composite value that is based on an assumed mix of customer ¢lassdswith its owroutage

related cost. Related assumptions and calculations used are shown in Appendix C.



Note that outageelated cost is added to the risk as if that risk is incurred by the utility rather
than being incurred by erngbkers.

In reality, utilities will prolably not be required to pay for such amkr losses unless the
outages are caused by actual utility negligence. Nonetheless, -oel@tge cost is real and
should be part of an inclusive riskljusted cost calculus.

1.7.6. Estimating Risk

Risk addressed in thrgport is directly or indirectly related to T&D equipment overloading. Risk
also reflects probabilities associated with specific levels of overloading that would be expected if
specific alternatives are used.

The four fundamental elements of risk evadaltor the study are costs associated with 1) T&D
equipment damage (damage) due to overloading, 2) utility lost revenue during outages (lost
revenue), 3) responding to interruptions (response cost), and 4) customer losses during outages
(cost for unservednergy requirements).

Readers should note that risk related to electric supply capacity (generation equipment) and fuels
were not addressed for this study. Nevertheless, use of small modular capacity increments may
have important riskelated implication$or a) generation fuel price and cost, b) the type of

electric generation used/added, and possibly c) transmission access and congestion related cost,
especially in transmissieconstrained regions, d) fossil fuel storage and pipeline infrastructure

use ad expansion and @nvironmentrelated risk such as increased penalties for pollution/air
emissions.

1.7.7. Notable Risk-related Topics Not Addressed

Readers of this report are urged to consider that the authors did not reconcile the concept of T&D
risk-adjustedcost and prevailing utility regulations and practices. Typically, utility regulations

do not address T&D investment risk fully and/or robustly. Nevertheless, the authors believes that
the approach described in this report is somewhat to very compatiblexisting regulations

and practices. Furthermore, such an approach is becoming more practical given technological
advances and changes in the electricity marketplace, such as a) improving means to undertake
predictive mai nt en anyisof B&D dquifinmest;rbjpacreasinglyg | i f e 0
sophisticated T&D planning tools; c) the accelerating move to Smart Grid; ancedying

interest in modular/distributed alternatives to central generation and the grid.

For this study, no consideration was givepatential electrical effects that could be a challenge
for DER alternatives, especially reduced (or enhanced) power quaiitypltage stability),
service reliability and the normal operation of the existing T&D infrastructure.

Also not addressed asafetyrelated considerations, especially the potential for electrical

islanding. It is presumed that power engineers would undertake appropriate analysis to determine
whether a specific case could be addressed safely and reliably with alternativestdional/

T&D capacity expansion.

1.8. Transportable DER Capacity

The topic of transportable DERs is introduced as a complementary topic-&aljisited cost
because transportable DERs could be an important element of a strategy that includes use of
DERs to sere peak demand served by T&D equipment on the margin. Sé&obibtinis report



provides an introduction to the concept, and Appendix B descripessible framework for
assessing the financial merits of nwiédar deferrals.



2. OPTIONS

2.1. Introduction

This report addresses the concept of assessing risk related © mJy&stment as a way to
optimize the overall cost of delivering electricity to ergkrs (i.e. delivering the most benefit for
a given cost.). A related topicaptions Options are important within the context of optimizing
risk-adjusted cost becausesthcould be part of the approach used by a utility to achieve the
objective. Following is a brief introduction to the concept of options as a way to manage T&D
related investment risk. (Detailed coverage of the topic is beyond the scope of this report.)

2.2. Option Contracts

An option contract (an option) is a financi al
the requirements for the formation of a contract and limits the promisor's power to revoke an

of fer. o0 This type oceffrontan offeror'a ability tp revoke the dortiraca n o f f
Typically, an of f er e.g, mpneywreductcabligdiandcormaked er at i on
payment, other assets or services) for the option contract.

In essence, option contacts reflect the price to befpaitie flexibility needed by the utility to

address uncertainty and to accept risk in a prudent, explicit and managed way. Thought of
another way, options can provide fiinsuranceo
T&D capacity to serve pealechand.

A call optionis a contract between two parties to exchange somethiggasset, product or
service, known as Athe underlyingo), at a spe
date (the expiry or maturity). The owner of the call @pthas the right but not the obligation to

i ¢ a | Huythe anderlying. A put option is the opposite: the owner has the right but not the

obl i gat i oselltheandérlping bythe given date.

The concept characterized in this report resembleB apteon owned by the utility because the
utility pays for the right but not-userhthat obl i ga
reduces demand and/or b) another local source of power such as a generator that has been rented
or reserved by thetility.

The option price is the amount paid by the utility for the right to buy the capacity. The strike
price is amount to be paid for each unit of capacity actually used/purchased by the.atjlity (
theprice paid for each unit of capacity needeéroa specified duration). For demand response,
the strike price is the amount paid for each unit of energy not used. For the power source, the
strike price is the incremental amount paid to provide the necessary capacity when needed.
The transaction couldlso resemble put option Consider an arrangement whereby the utility
agrees to sell capacity @he-margin to an endiser, only if the utility has enough capacity. If the
utility is short of capacity, then they are not obligated to sell that capacig enduser.
Essentially, the utility has a put option on that capacity.



2.3. Real Options

Another possibly attractive way to evaluate prospects associated with use or purchase of real
assets is to apply the real options concept. Real options involve thispetways that real
assets could be used. (Examples of real assets include land, plant and machinery.)

Among other attractive features, the real options approach: a) brings to bear the discipline of
financial decisiormaking during evaluation of a compgs opportunities, b) links strategy and
tactical decisions, and c) improves capital investment planning and results.

Examples of real options include a) do nothing, b) redeploy or modify existing assets, c) rent,
lease or purchase additional assets,hriklayed deployment, or even abandonment, of capital
intensive projects.

A key facet of the real options concept is that real options reflect the often elusive value of
flexibility when making decisions in response to changing or unexpected circumstances
(uncertainty). More specifically, real options provide managers with a means to increase value
by pursuing unexpected opportunities when/if they arise, and/or to manage risk by responding
adeptly to uncertainty and changing conditions.
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3. RISKESTIMATION M ETHODOLOGY AND EXAMP LE CASE

3.1. Introduction

The methodology used for risk estimation and analysis has six primary steps which may be
summarized as follows:
1. DefinetheCasée The case iIis the specific situation
A case is chaderized by its location, transformer(s) and/or circuit(s), existing peak
load, customer load profiles, weather conditicats,

2. Characterize Alternativesi Identify and characterize the alternatives to be evaluated
for the case. For this report, the att@tives considered are 1) do nothing, 2) upgrade
existing T&D equipment to serve increasing demand, and 3) add various amounts (of
power) from generic distributed energy resources (DERs). This characterization also
includes establishing the direct costethnically viable actual DER alternatives.

3. Characterize Uncertainty i Characterize key sources of uncertainty (uncertainties),
including the range of possible future values and the related probabilities of occurrence.

4. Evaluate Overloadingi Estimate 1) the level and frequency of overloading and 2) the
cost associated with various levels of T&D equipment overloading that may occur if
specific T&D capacity alternatives are used.

5. Estimate Riski Combine axosts incurred due to various levefsT&D overloading
with b) uncertainty, to estimate the potential financial harm associated with use of each
T&D capacity alternative being considered.

6. Compare Risk-adjusted Costi Risk for the T&D alternatives considered is added to
alternativesd annual -yearrriskadfusted costtoservey i el di n
marginal peak demand for each alternative.

These elements are characterized in more detail later in this section.

3.2. The Example Case: Overview

The riskadjusted cost evaluation characterized in this report involves a specific example case: A
utility T&D hot spot requiring some action in the near term (one to two years) to avoid financial
harm. The example case is characterized byrakkey criteria, which are described in more

detail later in this section:

1 Existing T&D equipment rating

1 Existing T&D equipment remaining life and salvage value

1 Existing Loadi peak demand in the most recent year

1 Load Growthi expected values and uncentifor
o Ainherentodo | oad growth driven mostly by
o Abl oc ko | oeagdfor aetv tiduding demetopments)

1 Expected weather conditions and weather uncertainty

11



1 Upgradedelayrelated uncertaintye(g.,possible sources for delay suchuasoreseen
budget constraints, staff shortages or permitting requirements)

1 Mix of electricity enduser types served (by the T&D equipment of interest) which
indicates the composite cost of unserved demand

1 Summer peaking.€.,peak demand occurs during smer)

3.3. T&D Capacity Alternatives

The purpose of the evaluation characterized in this report is to identify the lowest cost alternative
for serving peak load on the margbased on riskadjusted cost, where risidjusted cost

includes 1) the direct cost tava, rent, or lease the alternative, 2) the direct cost to operate the
alternative and 3) the financial risk associated with the alternative.

3.3.1. Conventional Upgrade and Do Nothing Alternatives

One alternative evaluated in this report is the standard ugbfyonse: Add capacity to the

existing T&D equipment to serve growing loae ( upgrade). (Although the T&D upgrade
alternative in this report is generic, most T&D capacity upgrades involve additional or larger
transformers and circuits.) For the examgse, it is assumed that 4,000 kW of leadrying

capacity will be added to the existing equipment rated at 12,000 kW (a 33% increase) for a total
of 16,000 kW. The upgrade is needed because load will exceed the load carrying capacity of the
existing T&D equipment in one or two years.

Another alternative evaluated is to do nothing. As the name implies, the do nothing alternative
would entail a decision to not address the potential need for additioltalda®l carrying

capacity. Do nothing is a viable alternative if there is reasonable certainty that nothing
significantly costly will occur if no T&D upgrade is made.

3.3.2. DER Alternatives

The other class of alternatives evaluated includes various levels afanddstributed electric
resources (DERSs). One type of DER that could be used includes modular distributed generation
(DG). Another is modular distributed electricity storage (DES). Both DG and DES could be
owned, leased or rented.

DERs could also inclueutility programs that lead to a load reduction when and where needed
such that a T&D upgrade could be deferred. Examples include geographically targeted energy
efficiency (EE) incentives, locational demand response (DR) programsseific critical

peak pricing or locational marginal pricing programs, traditional utility interruptible or

curtailable load programs, other arrangements between the utility and one or more customers and
possibly even arrangements between electricity customers.

'The term fion the margino indicates relatively small qu
example, if load is increasing at 1.5% per year, then in a given year, the load added on the margin is 1.5% of the
total load.

12



The four CER alternatives evaluated explicitly in this report are as follows:

1. Use 500 k W ie.fperfacfyadlidble)genéric DER capacity whose direct cost
is assumed to be $100/kyeéar.

2. Use 600 kW of perfect generic DER capacity whose assumed diréct cos
$100/kWyear.

3. Rent two 250 kW(500 kW total) diesel engine generator sets (gensets), one for the three
hottest months of the year and one for the five hottest months of the year.

4. Rent one 250 kW genset for the three hottest months of the year aB8(oké/ genset
(600 kW total) for the five hottest months of the year.

Note that the concept of perfect DERs is consistent with another important utility concept

sometimes referred to ahysical assuranéavhich can lead to use of modular capacity whose

effective reliability approaches 100%, such as demand response. Similarly, if total DER capacity

is comprised of fAaggregat e dsometimgs eeferred tp asfar om s e
virtual power plant (VPP) then unit diversity also enhances DEability.

3.3.2.1. Electricity Storage Discharge Duration

There is one important difference between energy storage and other types of DERs used to
reduceriskk dj usted cost: Storage is often referred
only store and daler a given amount of energy. Compare that to 1) fdgeled generation

whose discharge duration is limited only by the amount of fuel that can be steséd and the

degree to which fuel can be replenished when needed and 2) demardternativethat tend

to target reduced engser demand.g., peakpowerdraw).

So, in addition to power rating, storagjscharge durations a critical facet of the storage

design. Discharge duration is the amount of time that storage can discharge at its ratednal

power output. It is a function of the amount of energy that can be stored. For more detail about
storage power and energy requirements, readers are encouraged to refer to a report published by
Sandia National Laboratories entitledtimating Electrity Storage Power Rating and

Discharge Duration for Utility Transmission and Distribution Deferj2y.

333. Alternativesd Direct Cost s
3.3.3.1. T&D Upgrade Direct Cost

The direct cost for the T&D upgrade is defined as the annual utility revenue requirement for the
upgrale. That is the amount that wutility custome
cost to own and operate the upgrade for one year.

Thisconept i s used when fc o nusarsavbd participaie inutility progeinstiataioivc i t y e n
the utility t o-userovinddgenerdtichiorsepeagy stohage aerdformto reduce or turn off loads as part
of a demand management (demaesponse) program. It involves use of communication and equipment that to limit
the power to an endser whenthatend s er 6s generation, storage or | oad con

the grid) as much as called for under terms of the contract.
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For the example case: 4,000 kW of T&D capacity is being added to the existing 12,000 kW of
capacity. Thisisaiupgr ade f a cl2,a0 =00.38. Thadren@ritalunit cost (cost
per unit of capacitadded is $210/kW installed, for a total cost of

1 4,000 kW ofcapacity added $210/kW added = $840,000

or
1 $840,000 16,000 kWcapacity after upgrade $52.50/kW total installed
capacity.
A fixed charge rate of 0.11 is used to calcul

carrying charges also known in the utility realm as levelized revenue requirement). The fixed
charge rate is a function aj the mix and cost of (return on) capital (equity/stock and debt/bond)
used to purchase and install the equipment, b) return of the capital (like amortization), c) income
and property taxes, d) insurance andaipment life.

For the example, the anndadancial carrying charges.€., utility revenue requirements) for the
upgrade are

0.11 fixed charge rafe $840,000 total cost = $92,400/ky¢ear.

(See Appendix E for details about estimating the annual revenue requirement. See Appendix F
regarding calckation of T&D upgrade avoided cost.)

Note that T&D operation and maintenance costs (O&M expenses) are assumed to be
insignificant enough to be ignored for this report. However, a complete assessment of the
revenue requirement would include that cost.

3.3.3.2. Do Nothing Direct Cost

By definition, the direct cost for the do nothing alternative is $0. Although theredisaub cost
for doing nothing, there is risk. In fact, the only cost for the do nothing alternative is risk.

3.3.3.3. DER Direct Cost

DER direct cost is dafed as the cost to own, rent, lease or contract for DER capacity for one
year plus the cost to operate the DER for the year.

Figure2 shows the totahnnual direct codt to own and to operate a range of DER capadities

whose direct cost ranges from $75/k#ar to $150/kWyear. To reiterate, these amounts reflect

the total (nall ind) cost to own, megallfixedor | ea
costs €.g.,capital carrying cost or rent) and variable costg.(those for fuel and maintenance).

Generatofgenset) monthly rental prices (based on published values shown in Appendix G) are
$4,455 ($17.82/k\Wmonth) for the 250 kW unit ah$6,083 ($17.38/kWnonth) for the 350kW
unit. Thus, the rental costs incurred (for the example case) for the generators are as follows:

$4,455/month for 250 kW 3 months = $13,365/year ($53.46/ky#ar)
$4,455/month for 250 kW 5 months = $22,275/year88.10/kW-year)
Total: $35,640/year ($71.28/k\Wear)and

$4,455/month for 250 kW 3 months = $13,365/year ($53.46/ky#ar)
$6,083/month for 350 kW 5 months = $30,415/year ($86.90/ky#ar)
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Total: $43,780/year ($72.97/k\kar)
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Figure 2. Direct costs associated with various levels of perfect DER capacity.

Fuel price for the rental generators is assumed to be $4.25/gallon. Gensets are assumed to
operate at 75% of rated output (0.75 capacity factor) on averageddadi fuelrelated cost of
about $0.272/kWh.

For two 250 kW gensets operating for a combined 150 hours per year at 75% loading, the total
annual fuel cost is $7,650 ($15.30/ky@ar). For two gensetsone rated at 250 kW and

operating for 80 hours per geand one rated at 350 kW operating for 50 hours per year (at 75%
capacity factor) the annual fuel cost is $7,650 ($12.804yAr).

For the two genset rental alternatives evaluated, the total annual co$4&290 ($86.60/kW
year) for the two 250 kWensets and 251,430 ($85.70/kWear) for the 250 kW plus 350 kW
alternative.

For each alternative the assumed annual energy production is 28,125 kWh.

See Appendix G for information and assumptions that form the bases for the direct cost estimates
usedfor the two diesel genset (rental) alternatives.

3.3.3.4. DER Energy and Capacity Value

For the DER alternatives considered, the value of the electric energy generated is treated as if it
reduces the net annudirect cost for DER Ke.,it is treated as if it isncluded as a credit in the

tot al DER direct cost for the year, based on
the energy). No consideration is given to the need and cost for energy for charging electricity
storage, should modular distriled electricity storage be the source of DER capacity. No

capacity credit is assumed for the DERs. See Se8tthafor details.
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3.4. Uncertainty Affecting T&D Capacity Planning
3.4.1. Load-related Uncertainty

For the example case, three sources of uncertainty (uncertainties) that affect load are addressed:
1) inherent load growth, 2) block load additions, and 3) high ambient temperature. For each of
these three uncertaintigbgere are three values (low, most likely, and high) which yield 27
combinations (loading scenarios). The 27 loading scenarios are shown in tabular form in in Table
H-2 in Appendix H. Also shown in Appendix H are the values and probabilities assumed for the
three uncertainty criteria and the assumptions about overloading associated with those
uncertainties.

3.4.1.1. Inherent Peak Demand Growth Uncertainty

Inherent peak demand growth is the routine (normal) load growth mostly associated with a
general increase of esting government, institutional, agricultural, commercial, industrial, and
residential demand.

For the example case, probability assumptions about inherent peak demand growth uncertainty
for the next year are that there is a

1 20%chance that inherent pedkmand growth will be 100 kW (+0.9%)
1 60% chance that inherent peak demand growth will be 200 kW (+1.7%)
1 20% chance of inherent peak demand growth of 300 kW (+2.6%)

3.4.1.2. Block Load Addition Uncertainty

Block load additions are orteme additions involving, for example, new businesses, new
housing devel opments, or a substantial vol ume
load relative to the loadarrying capacity of the existing T&D equipment.

For the example case, uncertainty regarding block load additions is characterized as follows:
a)there is a 15% chance that no block load will be added, b) there is a 50% likelihood that there
will be 250 kW of block load added, and c) the probability 50@kW block load addition is

35%. See Appendix H for details.

3.4.1.3. Weather Uncertainty

The key weatherelated criterion of interest is maximum ambient temperature. At least three
temperaturgelated implications are important. First, high temperature ledughdevels of air
conditioning (A/C) and refrigeration use (more equipment operates, increasing power draw and
equipment has longer run times increasing related energy use). Second, high ambient
temperature reduces A/C equipment efficiency. Third, heghperatures reduce the lead

carrying capacity of T&D equipment.

For the example case, uncertainty about the maximum ambient temperature (for the year) is
characterized as follows: a) there is a 90% chance that the maximum ambient temperature will
notexced t he T&D equi pmentds fidesign temperatur e«
the maximum temperature will be 107.5°F, and c) there is a 2.5% chance that the maximum
temperature will be 110°F or greater.
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3.4.2. Construction Delay Uncertainty

Another sourcef uncertainty that may affect T&D upgrade projects is the potential for

construction delays. Delays can have several causes, including: poor weather, permitting and
approval delays, insufficient staff and/or equipment, budget constraints, lawsuitangmech

utility priorities. For the example case, it is assumed that there is a 15% chance of a construction
delay (such that the wupgrade is not completed

3.4.3. DER-related Uncertainty
3.4.3.1. DER Undersizing

Given uncertaintgbout how high demand will be in any given year, there is commensurate
uncertainty regarding the adequacy of the DER capacity deployed. So, for DER capacity below
about 1,500 kW (12.5% of the existing T&D capacity), there is a chance that the DER will not

have enough power to serve peak load, leading to T&D equipment overloading and possibly
damage and even electric service outages. DER undersizing assumptions are described in Section
3.7.3.1and undersizing risk values for various amounts of DER are shokigurne5 (in

Sectiond).

3.4.3.2. DER Reliability

If DER capacity is used as a T&D capacity resource, then there is some chance that the DER will
fail to operate as needed to serve peak load on the margin. BHahgk could be mitigated by

a) using additional emergency or backup DER and/or demand response capacity or b) using DER
capacity comprising several or many small units so that unit diversity reduces the chance that a
significant portion of DER capacityils to operate. DER reliability assumptions are described in
Section3.7.3.2

3.4.4. Uncertainty Not Addressed

Some sources of uncertainty that may effe&D capacity planning are not addressed explicitly
in this report. Notable sources of uncertainty not discussed here incliddD a&quipment
loading history, b) a changed peak load profile, and c) DER fuel availability.

Readers should note that urteenty related to electric supply capacity and fuel was not
addressed in this study, though use of large amounts of DER capacity could eventually play an
i mportant r ol e i nrelatadrisk managenegt. el ectri c supply

3.5. T&D Equipment Overloading

All ri sk evaluated for this study is the result of T&D equipment overloading. Specifically, the

risk is that overloading may cause T&D equipment damage and/or electric service outages
(outages). Both equipment damage and outages have related financialepttsy lead to

financial harm). Those costs comprise the basis for the financial risk assessed in this report. See
Appendix O for more about the effects of overloading on electrical system component
(conductor and transformer) life.

3.5.1. T&D Equipment Rating

For the example case, the nameplate rating of the existing T&D equipment to be upgraded is
used to assess overloading. In some cases, however, it may be appropriate to use other ratings
such as the fAemergencyo rati ng@rmationosT&bhe adj ust
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enhancements. In those situations, the calculations shown in this report would be made using the
appropriate adjusted rating. (To some extent, that consideration is addressed by the concept of
overloading floor, as described later in thestson.)

Note also that the rating reflects design conditions; most important is the maximum ambient
temperature (105°F for the example case).

3.5.2. Ambient Temperature: Effect on Overloading

The effect of high ambient temperatures on T&D equipment is inclindbe assessment. A
robust consideration of temperatugtated uncertainty may address temperature and relative
humidity. For this report, however, the maximum temperature used is assumed to reflect
combined effects of relative humidity and temperaturéoads.

Ambient temperature affects T&D equipment loading in two important ways. First, high ambient
temperatures lead to higher load levels (than planners projected) because more A/C equipment is
turned on and there are more frequent and/or longeiimes for A/C and refrigeration

equipment. Second, high temperatures reduce theckraging capacity of T&D equipment.

3.5.2.1. Ambient Temperature Effect on Demand

As ambient temperature increases, air conditioning and refrigeration use also increases because
a)more air conditioning equipment is turned onaly)conditioning and refrigeration equipment
operate for more time, and &y conditioning and refrigeration equipment operating efficiency
drops as ambient temperature increases.

For the example case, thffect that ambient temperature has on customer demand is assumed to
be as follows. For maximum ambient temperature equal to the design temperature of 105°F,
(90%chance) there is no incremental demand. If ambient temperature is 107.5°F (7.5% chance),
thendemand is 5% higher than it would be at the design temperature of 105°F. If ambient
temperature is 110°F (2.5% chance), then demand is 10% higher than it would be at the design
temperature.

3.5.2.2. Ambient Temperature Effect on T&D Load-carrying Capacity

Importarily, T&D equipment is often rated based on performance at a specific maximum

(design) temperatuiie105°F for the example case. To the extent that ambient temperature
exceeds the T&D equi pment 06s dearyifggeapdciymper at ur
reduced. So, when demand tends to be higkeagtduring times when outside temperature and

air conditioning use ar earfyinggdpacityistedueed.TTBaD e qui p
phenomenon | eads to an ndef f eegcessdemandduetolbaolad 0 t

growth alone.

Regarding the effect that high temperatures have on (derating of) T&D equipment load carrying
capacity: For maximum ambient temperature equal to the design temperature there is no
derating. At the other end of theesprum, T&D equipment is derated by 6.5% if the ambient
temperature is as high as 110°F. See Appendix J for details about T&D equipment derating.

(Overloading relatedamage’ reducing equipment lifé is addressed on SectiBr7.1.1and
Appendix K).
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3.5.3. T&D Construction Delay: Effect on Overloading

If the utility selects the standard T&D upgrade as the superior solution, there is a chance that
constriction may not be completed when needed to avoid overloading of the existing T&D
equipment. Construction delays can have a variety causes ranging from staff and/or budget
shortfalls to permitting delays. Such delays may lead to overloading of the exi&fhg T
equipment. For the example case it is assumed that there is a 15% chance that there will be
construction delays such that the capacity cannot be added when needed.

3.5.4. DERs: Effect on Overloading

There is a chance that DER capacity will not perform as uéexigected potentially leading to
overloading. There are several possible reasons that DERs may not perform as needed/expected:

1) all available fuel has been used and/or no fuel is availabper)jittingrelated rurtime

constraints; 3) the DER is uersized i e., peak load is greater than expected); 4) DER

equipment fails to operate when needesl, OER reliability); and5f he DEROGsSs power (q
may reduce its effectiveness. (See Secidgn3.1for more about how DER undersizing is

addressed and SectiBrv.3.2for more details about DER rability.)

3.6. Characterizing Overloading

This section provides an overview of the process and criteria used to characterize the magnitude
and frequency of overloading. Additional details are provided in Appendix L.

3.6.1. Excess Demand

For this report, the termxces demands used to characterize the amount of actual customer

|l oad that exceeds t he-cafrdnDcapagityife.g rhente@a i gpenxeing o s
rating at its design temperature). As an example: If the T&D equipment is rated at 12,000 kW (at
105°H, ambient temperature is about 105°F anderdde r s 6 act ual peak deman
then the excess demand is 500 kW (4.16%).

3.6.2. Effective Overload

In this report, the terraffective overloads used to describe the degree to which loading exceeds

the T&’D e g u i p mearryiny sapdcity,ajiden Ihe actual power being used (and resulting
excess demand, if any) andtBg reduced loadarrying capacity of T&D equipment due to high

ambient temperatur& €., derating). For example, if excess demand®/4d.and ambient
temperature is 2AF above ithusreduangtheT®@ nt 6 s desi
e gui p me wdrrgirg cadpaxity by 2.6%then the effective overload is 4.1%.

Note that for any given scenario it is tiiaximunmeffective overload thas calculated.
3.6.2.1. Effective Overload Floor and Ceiling

Although each situation is different, two overloadnetated assumptions used for this study are
as follows:

1 Effective Overload Floor (overload flooi)overloading below the effective overload
floor isignored based on the assumption that overloading of less than that amount will
result in negligible financial harm. The overload floor is assumed to be 4%.
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i Effective Overload Ceiling (overload ceilingjoverloading in excess of the overload
ceiling is asumed to result in service outages. The overload ceiling is assumed to be
10%.

To restate: It is assumed that an effective overload of 4% or less results in little or no financial

harm (.e.,limited/no equipment damage and no service outages). An efexterload of

between 4% and 10% results in T&D equipment damage only. If the effective overload exceeds
the T&D equi pment déds rated capacityyndhgervioeor e t h
outage.

(See Appendix E for details about T&D equipmeamage related financials and Appendix K
which provides details about les§life due to overloading.)

3.6.3. Maximum Effective Overload

For this reportmaximum effective overloasldefined as the combined effect ofatiual end

user demand plus 2¢duced T&Dequipment loagtarrying capacity due to ambient
temperatures that exceed the design temperature of the T&D equipment. In most cases,
maximum effective overload occurs on the hottest, most humid weekday(s) of the year (for
summer peaking loads)especialy if loads served include a significant amount of space cooling
and/or refrigeration.

It is important to note that, for a given scenario, there may be several overloading escanes
or most of which involve an effective overload that is less than tixémen overload. The
subject of overloadinfrequencyis addressed in the next subsection.

3.6.4. Overloading Events: Frequency and Duration

I n addition to addr ensagnitudedtis alsoempartant to evd@luatethee r | 0 a d
frequency and duratioaf overloading events. That is, for any given scenario, there may be one

or more overloading events during the year. Also note that for scenarios with higher maximum
ambient temperature, there will be more overloading events during the year and the dration o

those events will be longer.

Ideally, actual data can be used to quantify overload duration and frequency for specific
circumstances. For example, in many cases T&D planners have access to meteorological data
that provides details about a) the frequeotkigh temperature events (how often ambient
temperature exceeds specific levels within a year) and b) the duration of high ambient
temperatures (how long temperature remains above a specific level).

For this report, ass umpuraiioo and freguercyare awfollems:l oadi n

1 Overloading Event Duratioih An overloading event is assumed to last for a few minutes
if excess demand is modest and if the temperature is not exeagmexcess demand is
5% or less and ambient temperature i5°EJor less). At the other extreme, overloads are
assumed to last for up to 3.83 hours if the excess demand and temperature are extreme
(e.g.,excess demand is >12.5% and the ambient temperature is 110°F). See Appendix L
for details about assumptionsretarn g over |l oad eventsd durati

(Note: The duration of the overloading indicates the number of DEfRaurs
needed to avoid the overloading.)
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Overloading Event FrequengyRobust development of a frequency distribution for
overloading events based on attweather data is beyond the scope of this report.
Instead, a realistic frequency distribution is used for the evaluation. The frequency
distribution used reflects the following general assumptions. First, overloading event
frequency is a function of thmaximum effective overload for a scenario; so, there are
more overloading events for scenarios with high maximum effective overload. Second,
for the most extreme scenario (with overloading) there may be as many as 21 times per
year when damage and/or owgagccur. See Appendix L for details about assumptions

regarding effective overl oad values and ev
A simplifying assumption used for the analysis in this report is that overloddmagonis
treated as if its effect on T&D equipment lifee(, damage) is insignificant when compared to
the effects associated with theagnitudeof the overload.
3.7. The Elements of Risk for Alternatives to the T&D Upgrade
3.7.1. Risk for the Do Nothing Alternative
For the do nothing alternative, risk comprises costswilbbe incurred if there is significant
overloading of existing T&D equipment. In other words, if no upgrade is made, then there is
some chance that |l oad wi l |l e xcarryiegctapacitye e xi st i n
Four overloaerelated costs aracluded in the evaluation: 1) T&D equipment damage, 2) utility
response cost, 3ifility lost revenue and 4) electricity ender outageelated costs. Those costs
are described in Sectio3s7.1.1to 3.7.1.4 Those four elements of risk for the do nothing
alternative are calculated based on assumptions about the frequdrdiyration of both
overloading and outages that are described in Appendix L.
3.7.1.1. T&D Equipment Damage Cost
T&D damage occurs when there is excessive loading of the T&D equipment. More specifically,
damage results in T&D equipment lesislife which has a comensurate cost. The magnitude of
that damageelated cost is a function of the magnitude and frequency of overloading.
For this report, utility equipment damage due to overloading was calculated assuming 13 years
of remaining useful life for the 12,000 k& existing T&D equipment. It is assumed that the
replacement cost for a new version of the existing T&D equipment is $30/kW. So, the total cost
to buy new equipment is
12,000 kWB $30/kW = $360,000.
Theannualizedcost to own that equipment is
$360,00C¢ 0.11 fixed charge rate = $39,600 per year.
So, for the equipmentds 13 years of remaining

$39,600 per year 13 years = $514,800.

More details about equipment kfelated considerations are provided in Appendix K.
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3.7.1.2. Utility Response Cost

The cost for a utility to respond to outages is handled simplistically. It is assumed that an average
of $1,000 in labor and other responistated expenses is incurred for each utility electric service
outage incident.

3.7.1.3. Utility Lost Revenue

During electric service outages, the utility does not receive revenue from customers for energy
purchases. That lost revenue is, in essence, a cost incurred and is part of the risk related to
overloading.

Lost revenues are a function of 1) the prevaipnige for electric energy during outagesity
total load that would have been served, and 3) the total amount of time during the year when
service is interrupted.

For the example case, the prevailing generation cost and/or purchase price incureedtilityth

for electric energy during outages is assumed to be $0.15/kWh. That relatively high price was
established based on the assumption that outages are most likely to occur when demand is
highest and when epeak electric energy prices prevail.

As anexample: If peak demand for the year is estimated to be 12,000 kW, and if there are five
outage hours within the year, the lost revenue would be calculated as

$0.15/kWh? 5 hours = $0.75 per kW of peak demand.
The total lost revenue for the year is

$0.75/RV 3 12,000 kW = $9,000.
3.7.1.4. Electricity End-user Outage-related Cost

For the evaluation methodology documented herein, perhaps the most significant departure from
standard practice is to includleas a component of riskmonetized costs that electricity end

users would incur due to service outages. That cost is a function of two important criteria: 1) the
cost per unit of Aunserved energyo (expressed
there are outages (hours per year).

Importantly, though oftechallenging to estimate precisely, each-esdr customer class and
even each endser within a class incurs a specific cost for unserved energy. In some cases, a
specific endu s e r 6 srelaied toat ghay even vary depending on the-tfrgiay when an
outage occurs.

The value used in this report for unserved energy cost ($3.60/kWh) is a corfipbisteased
on an assumed mix of electricity eader customer classes, each with its own outelgeed
cost. (Customer classes include residential, commeagjacultural, industrialetc)
Assumptions and calculations used to establish the cost of unserved energy are shown in
Appendix D.

To calculate the composite customer outegated cost per kW of load, the unserved energy

cost is multiplied by the nuber of outage hours within the year for each scenario. For example,
based on the $3.60/kWh unit cost for unserved energy assumed, if electric service outages for a
scenari o tot al 5 hour s dur irelaged cost is $1g/lear., t hen
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To calculate the total annual outaggated cost incurred by all enders, the cost per kW is
multiplied by the relevant level of electricityends er s 6 demand. For the ex:
affected is assumed to be the maximum demand (power} theing served when the outage
occurs.

Consider an example: The demand is 12,000 kW when an outage occurs. When applying the
$3.60/kWh unserved energy cost, the hourly customer cuédajed cost is

$3.60/kWh? 12,000 kW = $43,200/hour.

If there are a t@l of five hours of outages within a year, then the annual total customer outage
cost is

5 hours x $43,200/hour = $216,000.
3.7.2. Risk for the Upgrade Alternative

Risk for the upgrade alternative is assumed to be entirely related to possible construction delays
such that the upgrade is not completed before the next peak demand season. The cost associated
with such a delay is calculated as a portion of the risk for the do nothing alternative. (Recall that
risk is a function of the four overloaditrglated costsl) T&D equipment damage, 2) ender

cost during outages due to unserved energy, 3) utility lost revenue during outages, and 4) utility
response cost incurred when outages occur.)

For the example case, it is assumed that there is a 15% chance of camstielety. So the
delayrelated risk for the upgrade alternative is calculated as*0thi® scenarispecific risk for

the do nothing alternative. For the example case: If the risk for the do nothing alternative is
$99,116, then the risk associated with the upgrade (due to the possibility of construction delay,
leading to overloading and eged costs) is estimated as

0.153% $99,116 = $14,867.
3.7.2.1. T&D Asset Utilization, Premature T&D Upgrades and T&D Oversizing

Although not addressed explicitly in this report, a potentially significant element of-utility
related risk involves prospects for podD asset utilization. Specifically, a T&D asset may be
underutilized if 1) an upgrade is made too saan, pefore the need actually materializes
because demand does not grow as fast as expected or block load additions are delayed) or
2) before the neetbr the asset is certaind.,the upgrade may not be needed at all).

Such underutilization means that the utility will receive litdeno revenue associated with the
capacity added. The key effect | gperkWofpealkcr eas e
load served).

3.7.3. Risk for the DER Alternatives

Risk for the DER alternatives analyzed herein is assumed to be entirely related to the chance that
a DER will fail to provide enough power to avoid T&D equipment overloading. The DER may
beundersized, or it may not be totally reliable (leading to one or more times when the DER fails
to operate when needed). The cost incuirédhe DER is undersized or if the DER is less than
100% reliable is actually related to cost due to overloading.
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3.7.3.1. DER Undersizing

When using a DER to serve load on the margin, there is a chance that the DER will be
undersizedi(e., its powerrating is not sufficient). If the DER is undersized, then there is a
possibility of overloading that leads to T&D equipment dgmand even electric service

outages. (For the example case, unless the DER is very undersized, there is little chance that the
undersizing will lead toutages.

The costice.,risk) attributable to DER undersizing is estimated as follows. For a gnaenra

of DER capacity, in each scenario the DER capacity is treated as if it reduces-theend s 6 peak
|l oad by an amount equal to the DEROGSsS capacity
likelihood of overloading) relative to risk for the dothing alternative.

The undersizing risk associated with various amounts of DER capacity is shBgara5 (in
Sectiord). As shown in that figure, the risk related to undersizing for a perfectly reliable 500 kW
DER is $36,531. There is a smaller chance that a perfectly reliable 600 kW DER is undersized,
so he risk is lower too, at $28,072.

The preceding characterization addresses undersizing with regard tpdeR It is important

to note that undersizing risk is also driven by the possibility that the storage will discharge all of
its energywhile power fom the system is still needed, such that it cannot reduce loading of the
T&D equipment.

3.7.3.2. DER Reliability

DER used to serve load on the margin needs to be reliable. There is a chance (and related risk)
that the DER fails to operate when needed. That affeeferred to as DER reliabiliyelated
risk.

In this report, DER reliabilityrelated risk is addressed in a simplistic manner. Risk for the do
nothing alternative is multiplied by the chance that the DER will fail idliability). Perfect

DERs are trated as if they are 100% reliable. The reliability of the rental gensets is assumed to
be 97.5%.

If the risk for the do nothing alternative is estimated to be $99,116 and the reliability of the
gensets rented is assumed to be 97.5%, then the DER riliedddited risk is calculated as

$99,116° (17 0.975) = $2,478.

3.8. Notable Caveats about the Approach Used for this Report
3.8.1. General Caveats

Readers are encouraged to consider the results for the example case in this context: The purpose
of this report is to lsaracterize theoncepiof comparing T&D capacity alternatives using risk
adjusted cost using a realistic framework and assumptions.

An important general caveat is that consideration of DER capacity as an alternative for T&D

upgrade deferral is not commpractice. Often, power engineering best practices, utility

financials, and regulations do not have provisions for wiléployed DERs for T&D upgrade

deferral or for other applications. So, the approach described in this report could be construed as
beilg i nconsistent with utilitiesd obligation tc
approaches. Nonetheless, given accelerating technological change and the rapidly evolving
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electricity marketplace, the prospects for using DER for T&D deferral and/otHer benefits

seem to be improving. Furthermore, because the financial returns for regulated, iowesor
utilities (1 OUs) are tied to investments 1in
(i.e.,defer) investments, even if lower cadtiernatives are viable. (See Appendix M for details.)

Although the framework used in this report addresses the most important sources of uncertainty,
some of the assumptions and calculations used to estimate risk involved generalizations,
simplifying assmptions and engineering judgment. Key reasons for doing so include a) data is
not readily available or accessible, b) data is confidential, c) data is too expensive to buy or to
locate, gather, and compile within the project scope and budget and/oredalhation tools

needed to undertake such a comparison may not exist. Nonetheless, the approach used is
sufficient for demonstrating the concept of comparing alternatives for serving peak demand, on
the margin, on a riskdjusted cost basis.

Another generlecaveat is that implementing the riakljusted cost approach may be limited
without more sophisticated communication and control protocols, logic, transaction
management, and accountingke those needed for robust demand response and load and
distribuied resources aggregation programs and for Smart Grid.

3.8.2. Specific Caveats

Given that important assumptions and calculations involved simplifications, generalizations and
judgment, readers are urged to identify and use data and calculations that are apmagbriat
approved for a given circumstance.

Specific caveats are provided for the following interrelated facets of the approach and
assumptions used in this report:

1 Upgrade cost
1 Value of unserved energy
91 Outage duration and frequency
1 Existing T&D equipment
0 Remaining life and value
o Lossof-life due to overloading
o Derating due to high ambient temperature
1 Loadrelated effect of high temperature
1 Overload floor and ceiling
1 Probability of upgrade delay
1 DER reliability and effects on the grid

3.8.2.1. Upgrade Cost

For the @ample case, the T&D upgrade incremental cost assumed ($210/kW for 4,000 kW
added is intended to represent a relatively expensive upgrade costing $52df\vistalled
capacity(16,000 kW).
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In general, the attractiveness of the #&&kusted comparisoapproach is higher for T&D

upgrades with higher cost. For more about the subjects of T&D upgrade cost and T&D deferral
using modular resources, readers are encouraged to refer to a report published by Sandia
National Laboratories entitlddtility Transmssion and Distribution Upgrade Deferral Benefits
from Modular Electricity Storag{3]

3.8.2.2. Value of Unserved Energy

Perhaps the most important specific caveat about thadisisted cost estimation framework
documented in this report has to do with the appraesed to address the value of unserved
energy (.e.,the cost incurred by electricity enbers because electric energy could not be
delivered during outages). For the example case a composite value of $3.60/kWh is assumed.

That criterioni the value of nserved energly is important because a) the way that it is used in
this report is a notable departure from common practice and b) it has a significant effect on

results. (Note that customer outage costs dominate the risk associated with the do nothing

alternative).

It is a significant departure from standard practice because utility T&D planners typically do not

have the means or the need to include expl:]
related costs when assessing the merits of angi€d investment. Rather, standard reliability
metrics may be used. They provide a gross i

without differentiating among individual customers and customer classes (each with their own
value of serviceelated to outages). So, arguably, those standard reliability metrics may not
provide effective means to account for customer outalgeed cost.

Presumably, a more formalized approach to establishing the cost incurred by utility customers
during outagesvould involve a)more rigorous derivation of the value (per kWh) for unserved
energy for the various customer classes aralrepulatory preference for more explicit
consideration of that criterion when making T&D expansion or upgradéed decisions.€g
Appendix C for more about outage costs and service reliability and Appendix D which includes
details about the assumptions used to estimate unserved energy cost.

3.8.2.3. Outage Duration and Frequency

Two criteriai outage duration and outage frequen@re noéble for at least two reasons. First,
they significantly affect the results because they have a significant impact on the amount of
unserved energy. Themountof unserved energy, in turn, affects the totleof (i.e., cost
associated with) unservedezgy. Second, these two criteria tend to be somewhat to very
different for each region and for specific areas/T&D nodes within a given region (described in
Appendix L).

Analysts are urged to identify and use circumstespeific data for those two impontacriteria
that reflect casspecific circumstances.

3.8.2.4. Existing T&D Equipment
Remaining Life and Value

Remaining T&D equipment life and value have a significant influence on the maximum potential
damage to existing TR equipment. The remaining life (for the existing T&D equipment) is
used to estimate its remaining value. That remaining value is used to estimate the financial
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implications of damage to the existing T&D equipment that occurs due to overloading (if the
upgade is not undertaken).

The cost for replacement equipment is also needed to estimate remaining value. In this case,
T&D equipment is assumed to have 13 years of remaining life. The remaining value is estimated
based on an assumed replacement value dk$8fbr T&D equipment with a 4@ear life. (See
Appendix K for details.)

Each type of equipment and each circumstance is different, so real values are needed to evaluate
actual circumstances.

Lossof-life Due to Overloading

Another significant driver of #evaluation results.¢., of risk associated with overloading) is
the damage to existing T&D equipment due to overloading. Consider one related criterion
T&D equipment losof-life due to overloading. That criterion is characterized in this report
usilg a generic T&D fAidamage curve.o0o (The damage

Note that values reflected by the damage curve, while realistic enough to demonstrate the
concept of riskadjusted cost comparisons, were not developed rigorously. Also, it istanptar
note that T&D equipment loss-life due to overloading is different for each type of equipment;
though, for simplicity, a single generic damage curve was used in this report (as if the T&D
equipment could be treated as a composite).

An important underlying criterion that affects risk related to equipment damage is equipment
remaining life. Remaining life indicates the value of the equipment given the remaining service

that it could provide. Unfortunately, power engineers and/or distribution cajpéaitners may

not have a precise value for equipmentodés r ema
associated with equipment lesElife will require adept engineering judgment.

Given the foregoing, analysts should identify and use approvedopnolaiate data for case
specific evaluations of T&D equipment lestlife due to overloading.

Derating Due to High Ambient Temperature

Typicall vy, T&D-cagyng capacity isdstabdishdd asing, among other design
criteria, a design ambiedtmp er at ur e. At temperatures above t
load-carrying capacity decreases.

The Aderating curveo used in this report to c
temperatures, though realistic, is based on generalizations, emgingdgment, and

simplification. It may not be suitable for evaluating specific cases. (See Appendix J for the

derating curve.)

In this report, derating is combined with customer load to establisg#ffdative overload.

Consider an example: For a 12000/ transformer, if customer demand is 11,900 kW and high
ambient temperatur e qardngcapaity by 5%, rthemtisefefeectivee r 6 s |
overload (of the transformer) is

(11,900 kKW + (598 12,000 kW))i 12,000 kKW
= (11,900 KW + 600 kW) 12,000 kKW
= 12,500 KWi 12,000 kW = 500 KW.
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For a given scenario in this report, the same maximum temperature and T&D equipment derating
are used for all overloading events associated with that scenario. In reality, each overloading
event is different and tisumay be driven by ambient temperatures and/or excess demand that is

|l ess than it is during the Aworsto events.

3.8.3. Load-related Effect of High Temperature

An important consideration for this evaluation is the effect of high ambient temperature on utility
cusbmer load. Specifically, as temperature increases, air conditioning use (and thus demand
served by the utility) increases. That effect is very circumstapeeific. It is driven, to one

extent or another, by the amount of air conditioning that is indtalé the mix of customer

classes. So, data used in this report to characterize that phenomenon, though realistic, is probably
not appropriate for evaluating specific cases.

3.8.4. Overload Floor and Ceiling

The overload floor and overload ceiling criteria hawggaificant effect on the results presented
in this report. Overloading below the overload floor (4%) is ignored. Overloading between the
overload floor and the overload ceiling (10%) causes damage to the existing T&D equipment.
Most importantly: Overloadg that exceeds the overload ceiling results in service outages. The
cost associated with those outages, especially the value of unserved energy, tends to be the
largest component of risk.

The overloading values used in this report were establishedersgmeering judgment.

Although they are meant to be realistic, situatspecific values for those criteria may be

somewhat or even significantly different. Important factors affecting those values can include

T&D equipment type, quality, age and operaéidn hi st ory, and the utilit
and philosophy.

3.8.5. Probability of Upgrade Delay

A somewhat significant driver of the results presented herein is the risk associated with T&D
upgrade construction delays. Construction delays are importhetjifead to overloads, because
capacity is not installed in time for the peak demand season.

One caveat is that upgradelayrelated risk is estimated using a simplistic approach: The
estimated probability of upgrade delay is multiplied by the riskiferdo nothing alternative.

Another caveat is that the value assumed for the probability of upgrade project delay (15%) is
meant to be generic, although the possible reasons for delay, likelihood of delay, and potential
timing and duration of a delay arearspecific and casspecific.

3.8.6. DER Reliability, Effects on the Grid and Other Challenges

Readers should note that the generic DER reliability values used in this report are probably not
suitable for specific cases in part because all DERs are diffearenal$o important to note the
simplistic way that DER reliabilityelated risk is estimated. That risk is calculated as follows:
The chance that DER will fail to operate when needéddréliability) is multiplied by the risk

for the do nothing alternate.

In this report, no consideration was given to potential challenges related to operating DERS in
conjunction with the grid. One important example is reduced power quality. Also not addressed
are safetyrelated considerations such as those related ieiaslanding and ossite fuel storage
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for DG. Also not addressed are air emissitglated constraints associated with some types of
distributed generation. Aesthetics and noise can also pose challenges.

3.8.7. DER Operation

Assumptions about how much the DERRmatives might have to be operated, although

intended to be realistic, are arbitrary and are included for completeness. For the example case
there is only a 16.1% chance that DERs will have to be operated because no overloading exceeds
the 4% overloadig floor. (See the summary results shown below TakRiikAppendix H.)

That consideration is especially important fodsyributed generation because it requires fuel,
b) electricity storage that is charged with electricity from the grid amehg)DERwith high non
energy variable maintenance cost.

3.8.8. DER Energy and Capacity Credits

For the DER alternatives considered, the value of the electric energy generated by DERs (if any)

is treated as if it reduces the net anmliact cost for DER e., it is treated as if it is included as

a credit in the total DER direct cost for the
purchase price for the energy).

However, as mentioned above: For the example case it is likely (~84% chance) that the DERs
would not have to be operated at ak ( if the more extreme conditions considered do not

occur). Of course, there is some chance that the DER will have to operate for more than the
assumed amount. Therefore, the energy credit (and operation cost) could range from nothing to
somewhat more thahe values used. Nonetheless, the energy credit is included as a potentially
important incremental benefit for using DERs.

It is important to note that iif the perfect D
the amount of energyotused byedru s er s woul d actually be fAl ost
would increase the cost from the utilityds pe

energy credit would be net of cost incurred for energy used to charge the storage.

It should also beoted that no credit is taken for the capacity provided by the DERs. Depending
on circumstances.€.,what generation resource is on the margin) a capacity credit could range
from nothing to more than $130/kyéar’.

3 Consider a generic example: A combustion turbine is the next electric supply resource that would be added to the
grid should more electric supply capacity be needed to serve peak demand growth. If that combustion turbine costs
$1,200/kW to install and thiéxed charge rate for the utility is 0.11 then the annualized capacity value would be
$1,200 * 0.11 = $132/kWear.
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4. RISK-ADJUSTED COST COMPARISON RESULTS

This section includes the intermediate and final results for thedglsted cost comparison for

the example case. Compared are six possible alternatives that could be used to serve marginal

peak load on heavily loaded T&D equipment during the nextye
1. Do Nothing.

Upgrade.

Deploy 500 kW of perfectly reliable DER.

Deploy 600 kW of perfectly reliable DER.

Rent one 250 kW diesel generator for five months plus rent an additional 250kW diesel
generator for three months (500 kW maximum).

a bk~ DN

6. Rent one 350 kWliesel generator for five months plus rent an additional 250kW diesel
generator for three months (600 kW maximum).

The following results reflect direct cost for the six alternatives evaluated (scenarios are
characterized in Sectidh3.3.

4.1. Intermediate Results
411. Scenariosd® Gross Ri sk

The first intermediate resultsshown inFigure3i are risk values for each scenario of the do
nothing alternative. These values reflect cost related to equipment damage pluselatade
costs resulting from overloading. The scenapecific risk values shown ffigure3 range from
$0 for scenarios whose maximum effective overload is less than the overload floor (4%), to
about $2.77 million for scenarios characterized by high loads and extremperatures that lead
to overloading beyond the overload ceiling (10%).

* Recall that the overload ceiling (10%) is the maximum effective overload that would actually occur before the

existing T&D equipment shatdown, leading to an outage. So, it is assumed that effective overloads that are greater

than the ceiling cannot actually occur because electric service would be interrupted once the effective overload
exceeds the ceiling. Similarly, if load does not extéhe overloading floor (4%), then it is assumed that damage, if
any, is negligible and that overloading does not cause outages.
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Figure 3. Maximum effective overload-related cost for all 27 scenarios evaluated.
412. Scenari os06 Probability of Occurrence

The scenarigpecific maximum eff@ove overload and the respective cost valudsigure3 are
expressed without regard to the probability that a specific scenario will occur. Tiabibities
associated with scenargpecific maximum effective overload levels are showRigure4.
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Figure 4. Maximum effective overload and probability of occurrence.
Plotted on the Xaxis ofFigure4 are maximum effective overload values for the do nothing
alternatiwe, for all 27 scenarios included in the example case. Taeisron the left side of the

figure indicates the probability of occurrence for each of the 27 maximum effective overload
values plotted. (The probabilities associated with each of the 27 sceaarishown in detail in
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Table H2 in Appendix H). The Yaxis to the right indicates the cumulative probability of
occurrence.

Of the 27 scenarios evaluated, there are eight for which the maximum effective overload in the
next year would not exceed the dead floor of 4% (.e.,overloading that does not exceed the
overload floor will not cause damage to the existing T&D equipment). Those scenarios are
plotted on the lower far left quadrant of the figure.

Given the cumulative probability of occurrenceqab84%) associated with those eight

scenarios, it is quite likely that that there will not be damage or service outages for the do
nothing alternative. Furthermore, because the ninth scenario exceeds the overload floor by a
trivial amount, there is an 8% chance that overloading will cause little or no damage.

Therefore, there is essentially a 90% chance that the DER deployed to serve load on the margin
will not be used.

There are six scenarios, with a combined probability of 10.4%, for which the nraxoverload
is between 4% and 10%, meaning that there is equipment damage but no outages occur.

Figure4 also shows that there are 13 scenarios, @athbined probability of 5.9%, for which
the maximum effective overload will exceed the 10% overload ceiliaggervice outages will
occur), so for those scenarios the cost for damage and outages is high.

Based on the values Figure4 (and the values shown in tabular form in Table$ &hd N2 in
Appendix N), the expected value for the maximum effective overload is 339 kW, or 2.82% of the
existing®& D equi pment s existing | oad carrying cap

4.1.3. DER-related Risk
4.1.3.1. Undersizing Risk

Figure5 indicates the undersizinglated risk associated with various levels of DER capacity,

for perfectly reliable DERs. To calculate the risk associated with a specific amount of perfectly
reliade DER capacity, the DER capacity deployed is treated as if it reduces the peak demand for
each scenario by an amount equal to the DEROS

The results shown iRigure5 are derived as follows: Risk is first estimated for the do nothing
alternative ie., with no DER capacity) as shown in Appendix N. The process described is then
repeated for increasing amounts of DER. That is, increasiogiats of DER are assumed then
the risk calculation is repeated until the amount of DER added is 1,500 kW.

With the exception of the value for the do nothing alternative, the vallkegure5 are referred

to in this report as those for DERdersizingisk. That is, they reflect the expected value of risk
associated with & given amount of DER capacity andthe possibility that that amount of

DER is not sufficient to avoid overloading of the existing T&D equipmeet, bverloading may
exceed the overloading floor).
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Figure 5. Risk associated with various levels of perfect DER capacity.

In addition to the magnitude ahdersizing risk associated with a given level of DER capacity,
Figure5 also shows how risk diminishes as increasing amounts of DER capacity argedepl
See Appendix N for details, including risk calculation examples for the do nothing alternative
and for the same situation but with perfect DER capacity rated at 500 kW.

4.1.3.2. DER Reliability-related Risk

DER reliability-related risk is estimated using anglistic approach: the assumed probability that
DER will fail (1-reliability) is multiplied by the risk for the do nothing alternative to estimate the
risk. See Sectio.7.3.2for DER reliability-related assumptions.

4.1.4. Risk-adjusted Costs

Table3 shows results of combining the values showRigure2 (in Section3.3.3.3 andFigure

5 just above. The results are also shown graphicalygare6. Table3 shows data for a) the

risk for the do nothing approach (which is equal totthal cost estimated for the do nothing
alternative), bjhe riskadjusted cost for the T&D upgrade, c) the risk associated with various
levels of DER capacity (0 kW to 1,500 kW),tte annual ownership cost of those various levels
of DER capacity, for ERs whose unit cost ranges from $754¢ar to $150/k\Wyear and

e) the riskadjusted cost for the various levels of DER capacity and the various DER cost levels
considered.
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Table 3. Risk-adjusted Costs for Do Nothing, T&D Upgrade and Perfect DERs
Direct Cost and Risk-adjusted Cost

Utility Capacity Alternatives' Risk-adjusted Cost
Do Nothing ($) 99,116
Upgrade Cost ($) 107,267
DER Capacity and Risk
DER Capacity (kW) 0 100 150 200 250 300 400 500 600 700 800 900 1,000
Risk ($) 99,116 79,926 71,842 66,942 58,246 54,587 44,177 36,531 28,072 20,852 16,996 11,466 7,177

DER Annual Ownership and Operation Cost

DER Cost $75/kW-year 0 7,500 11,250 15,000 18,750 22,500 30,000 37,500 45,000 52,500 60,000 67,500 75,000
DER Cost $100/kW-year 0 10,000 15,000 20,000 25,000 30,000 40,000 50,000 60,000 70,000 80,000 90,000 100,000
DER Cost $150/kW-year 0 15,000 22,500 30,000 37,500 45,000 60,000 75,000 90,000 105,000 120,000 135,000 150,000

DER Risk Adjusted Cost
DER Cost $75/kW-year 99,116 87,426 83,092 81,942 76,996 77,087 74,177 74,031 73,072 73,352 76,996 78,966 82,177
DER Cost $100/kW-year 99,116 89,926 86,842 86,942 83,246 84,587 84,177 86,531 88,072 90,852 96,996 101,466 107,177
DER Cost $150/kW-year 99,116 94,926 94,342 96,942 95,746 99,587 104,177 111,531 118,072 125,852 136,996 146,466 157,177

The riskadjusted costs plotted Figure6 are a) the risk for the do nothing approachthie)risk
adjusted cost for the T&D upgredc)the riskadjusted cost for perfect DERs with a range of
sizes and with an annual cost of $754¢ar, $100/kWyear and $150/kWear.

$110,000 - Upgrade Cost ($)
1 Do Nothing ($)
$105,000 /:/ — .- — DER Cost $150/kW-year
7_/" ------- DER Cost $100/kW-year
$100,000 - —— DER Cost $75/kW-year
Optimal DER Capacity y
Deployment Levels -

$95,000

$90,000 +— N} —1+— — S

$85,000
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$75,000

Single Year Risk-adjusted Capacity Cost
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DER Capacity (kW)

Figure 6. Risk-adjusted costs for do nothing, T&D upgrade and DER.

Based on the results shownTiable3 andFigure6, the cost for the do nothing alternative
(which is equal to its ristadjusted cost) is about 4.7% lower than the-aidjisted cost for the
upgrade alternative which is calculated as

$107,267 upgrade riskdjusted cost $99,116 do nothing risk = $&1
$8,151- $107,267 = 7.6%.

Optimal amounts of perfect DERs costing $75/A¢@ar, $100/kWyear and $150/kWear are
shown inFigure6 as minima for the respective plots. Details are as follows.
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| f perfect DER-imapadirtey twipaasten thiessptinfallDER / k W
deployment (on a riskdjusted cost basis) is 150 kW. That DER would have a direct cost of
$22,500 for ongrear and the risk (due to undersizing) is about $71,842. So, for 150 kW of
perfect DER costing $150/k¥ear, the singlgrear riskadjusted cost is about $94,34this is
somewhat more competitive than the do nothing alternative (whosadjis&ted costi

$99,116).

For perfect DEROs whose ayearuhe optimabobDER deplaymente c t
(on a riskadjusted cost basis) is 250 kW. The direct cost for that DER is $25,000 and the risk
due to undersizing is $58,246 for a total f&skusteccost of $83,246. By comparison, that is

lower than the risk for doing nothing ($99,116) by $15,870 (16%).

Finally, i f a p-difee costis B/BE/RAear themthe wmirhal aanbunt of

DER is 600 kW. The direct cost is $45,000 per ydwr risk related to undersizing is $28,072 for

a total riskadjusted cost of $73,072 for the year. That is lower than the do nothing alternative by
$99,116- $73,072 = $26,044 (about 26.3%).

It is important to reiterate the following: Results showfigure6 are generic in the sense that

they are generated without regard to which DER alternatives are actually available. For example,
it may not be possie or practical to deploy the optimal amount (600 kW) of DER whose total

cost is $75/kWyear. And because the results showRigure6 are forperfectDERS, the results

do not include consideration of DER reliability.

4.2. Risk-adjusted Cost Comparison Results

The culmination of the evaluation described in this report is a comparison of the alternatives
being investigated, on a rigdjusted cost basis, ftte next year of service. Recall that the six
alternatives depicted include two fAperfecto

1. Do nothing.
2. Do the T&D upgrade.

3. Rent one 250 kW diesel genset for the five hottest months of the year and rent one 250
kW diesel @nset for the three hottest months of the year (for a total of 500 kW during the
three highest demand months). Operate one 250 kW genset for 50 hours at an average
capacity factor of 75%i.€., 75% of rated output) and operate the other 250 kW unit for
100hours at an average capacity factor of 75%. Reliability is assumed to be 97.5%.

4. Rent one 250 kW diesel genset for the three hottest months of the year and rent one 350
kW diesel genset for the five hottest months of the year (for a total of 600 kW theing
three highest demand months). Operate the 250 kW unit for 80 hours at an average
capacity factor of 75%, and operate the 350 kW genset for 50 hours at an average
capacity factor of 75%. Reliability is assumed to be 97.5%.

4.2.1. Risk for Alternatives

Total risk and the value of the elements of risk for the six alternatives evaluated, for the example
case, are shown graphicallykigure?.
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Figure 7. Risk expected values for six T&D capacity alternatives considered.

For the do nothing alternative, the predominant element of risk is cost relateduseznd

unserved energy. That is, when outages occurueats are unable to usedricity normally,

for which there is an assumed cost. Also significant is damage to T&D equipment that occurs
due to T&D equipment overloading. More modest elements of risk for do nothing are utility lost
revenue and response cost incurred when outages. o

For the upgrade alternative, the entire risk is associated with the chance that the upgrade will not
be completed when needed, due to delays, for example, utility capital and/or staff constraints or
permitting delays. It is a function of the risk thie do nothing alternative€.,it is assumed that

there is a 15% chance of delay so the risk is 15% times the do nothing risk.)

DER risk is comprised of two key elementsDER is undersized relative to the maximum load
incurred and 2PER reliabilityt hat i s | ess than 100%. (By defir
reliable so there is no reliabilitelated risk for those alternatives.) Undersizing risk is estimated

as described in Secti@hl.3.1 Reliability-related risk is estimated by multiplying 1 minus the

reliability for the respective DER times the do nothing risk, as described in Sécti8r2

4.2.2. Risk-adjusted Cost Comparison
4.2.2.1. Risk-adjusted Gross Cost

Table4 andFigure8 show the singlgrear riskadjusted gross cost (direct cpsiisrisk) for the
six alternatives. The risk portion of the barg-igure8 corresponds to (is the sum of) the values
shown inFigure?.
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Table 4. Single-year Risk-adjusted Gross Cost Comparison
of Alternatives, with DER Operation

Risk-adjusted Risk-adjusted
Gross Cost Gross Cost
Risk-adjusted Relative to Relative to
Direct Cost Risk Gross Cost Do Upgrade Do Nothing
Alternative $Slyear | SkW-yr| $lyear | $/kW-yr | $lyear | $/KW-yr $ % $ %
Do Nothing 0 99,116 99,116 -8,151 -7.6%
Do Upgrade| 92,400 14,867 107,267 - - +8,151 +8.2%

500 kw
Perfect DER| 50,000 | 100.0 | 36,531 73.1 86,531 173.1 -20,736 -19.3% | -12,585 | -12.7%
($100/kW-year)

600 kW

Perfect DER] 60,000 | 100.0 28,072 46.8 88,072 146.8 -19,196 -17.9% -11,045 | -11.1%
($100/kW-year)

Rent Diesel Gensets
250 kW 5 mos.| 43,290 86.6 39,009 78.0 82,299 164.6 -24,968 | -23.3% | -16,817 | -17.0%
250 kW 3 mos.

Rent Diesel Gensets
350 kW 5 mos.| 51,430 85.7 30,550 50.9 81,980 136.6 -25,288 | -23.6% | -17,137 | -17.3%
250 kW 3 mos.

110,000 m Risk B

100,000 A ODirect Cost

90,000 -
80,000 -
70,000 A
60,000 -
50,000 -
40,000 -

30,000 -

Risk-adjusted Gross Cost ($ Year 1)
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Figure 8. Single-year risk-adjusted gross cost comparison
of alternatives, with DER operation.

As shown inTable4 andFigure8, the do nothing alternative has a ra#ljusted cost of $99,116,
which is lower than the cost for the upgrade by $8,151 (7.6%).

The perfect DER costing $100/kWéar and that is rated at 500 kW has a-adjusted gross cost
of $86,531. That is $20,736 (1963 lower than doing the upgrade and $12,585 (12.7%) less than
doing nothing.
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The riskadjusted gross cost for 600 kW of perfect DER (costing $108/&) is $88,072,
which is $19,196 (17.9%) lower than the retjusted gross cost for doing the upgrad# an
$11,045 (11.1%) less than doing nothing.

If renting two 250 kW gensetsone for three months and one for five moritlier a total of 500
kW, the riskadjusted gross cost is $82,299. That is $24,968 (23.3%) lower than tadjtisked
gross cost for #aupgrade and $16,817 (17%) lower than doing nothing.

The lowest cost alternative (on a Ha#ljusted gross cost basis) is 250 kW for three months plus

350 kW of rented genset capactatjytedcostforisi ve mon
$81,980which is $25,288 (23.6%) lower than the reffjusted cost for the upgrade and $17,137
(17.3%) lower than the risdjusted cost for the do nothing alternative.

(See Appendix G for details about the gensets

4.2.2.2. Risk-adjusted Net Cost

The riskadjusted cost evaluation culminates with a comparison of alternatives based on risk
adjustedhetcost. Riskadjusted net cost reflects riskljusted gross cost plus consideration of the

value of energy produced by DERs (if any

The benefit related to the energy produced i s
energy credit only applies if the DERs are actually operated and if the DERs actually produce
energy output.) The value for the energy credit assumed aneldiedrassumptions for the four

DER alternatives evaluated are showiT able5.

Table 5. Energy Credit for DER Alternatives.

DER Unit 1 DER Unit 2

Power Capacity | Energy | Power Capacity | Energy Total Total Energy

Alternative (kW) Hours Factor (kwWh) (kW) Hours Factor (kWh) Power Energy | Credit*
500 kW

Perfect DER| 500 75 0.75 28,125 0 0 0 0 500 28,125 | -4,219
($100/kW-year)
600 kW

Perfect DER| 600 62.5 0.75 28,125 0 0 0 0 600 28,125 | -4,219
($100/kW-year)
Rent Diesel Gensets

250 kW 5 mos.| 250 50 0.75 9,375 250 100 0.75 18,750 500 28,125 | -4,219
250 kW 3 mos.
Rent Diesel Gensets

350 kW 5 mos.| 250 80 0.75 15,000 350 50 0.75 13,125 600 28,125 | -4,219
250 kW 3 mos.

* Energy value is assumed to be 15.0¢/kWh.

As shown inTable6 andFigure9 (below): After accounting for the energy credit, the four DER
alternatives are even more attracfivieelative to both the do noting and the do upgrade
alternatives.
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Table 6. Single-year Risk-adjusted Net Cost Comparison
of Alternatives, with DER Energy Credit.

Risk-adjusted Risk-adjusted
Net Cost Net Cost
Risk-adjusted Relative to Relative to
Direct Cost Credit for Energy* Net Cost Risk Net Cost Do Upgrade Do Nothing
Alternative $lyear |$/kW-yr| $lyear | $/kW-yr | $Slyear | $SIkKW-yr | S$lyear | $/kW-yr | S$lyear | $/kW-yr $ % $ %
Do Nothing 0 0 99,116 99,116 -8,151 -7.6%
Do Upgrade] 92,400 92,400 14,867 107,267 -- -- +8,151 +8.2%
500 kw
Perfect DER] 50,000 | 100.0 -4,219 -8.4 45,781 91.6 36,531 73.1 82,313 164.6 -24,955 | -23.3% -16,804 | -17.0%
($100/kW-year)
600 kW
Perfect DER] 60,000 | 100.0 -4,219 -7.0 55,781 93.0 28,072 46.8 83,853 139.8 -23,415 | -21.8% -15,264 | -15.4%
($100/kW-year)
Rent Diesel Gensets
250 kW 5 mos.| 43,290 86.6 -4,219 -8.4 39,071 78.1 39,009 78.0 78,080 156.2 -29,187 | -27.2% -21,036 -21.2%
250 kW 3 mos.
Rent Diesel Gensets
350 kW 5 mos.| 51,430 85.7 -4,219 -7.0 47,211 78.7 30,550 50.9 77,761 129.6 -29,507 | -27.5% -21,356 -21.5%
250 kW 3 mos.
* Energy value is assumed to be 15.0¢/kWh. Energy produced = 28,125 kWh.
110,000 W Risk -
ONet Cost*
100,000 - .
B Credit for Energy
< 90,000 -
§ 80,000
S i
&
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7]
o
© 60,000
ko]
g
»n 50,000
=
k]
T 40,000 -
X
2
@ 30,000
3]
Z 20,000 -
10,000 4
0 [ [ [
-10,000
Do Nothing Do Upgrade 500 kW 600 kW Rent Diesel Rent Diesel
Perfect DER Perfect DER Gensets Gensets
- - - ($100/kW-year) ($100/kW-year) 250 kW 5 mos. 350 kW 5 mos.
*Direct cost minus credit fanergy output. 250 kW 3 mos. 250 kW 3 mos.

Figure 9. Single-year risk-adjusted net cost comparison
of alternatives, with DER energy credit.

When including consideration of the energy credit, theajkisted net cost for 500 kW of

perfect DER costing $100/k\Wear is $82,313, which is $24,995 (23.3%) lower than the cost for
the do upgrade alternative and $16,8024)1wer than the cost for doing nothing.

For 600 kW of perfect DER (costing $100/ky®ar) the riskadjusted net cost is $83,853 which

is about $23,415 (21.8%) lower than for the upgrade and $15,264 (15.4%) lower than doing
nothing.

(Note that if the DERapacity is in the form of demand response, then the amount of eretrgy
usedbyerdi sers woul d actually be Al ost revenueo
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increasg( from the utilityds perspective). I f the

energy credit would be net of cost incurred to charge the storage.)

Renting one 250 kW diesel genset for three months and another for five months has a risk
adjusted necost of $78,080 which is $29,187 (27.2%) lower than doing the upgrade and
$21,036 (21.2%) lower than doing nothing.

The alternative involving rental of two genset850 kW for three months plus 350 kW for five
monthsi has the lowest riskdjusted netost, $77,761, which is about $29,507 (27.5%) lower
than doing the upgrade and almost $21,356 (21.5%) lower than doing nothing.

Importantly, there is some chance that the DER will have to operate for more than the assumed
amount. So, the energy credit adalctually range from nothing to somewhat more than the

value used.

It is also important to note that no credit is taken for the capacity (value) provided by the DERs.
Depending on circumstances that value could be significant.

4.2.2.3. Risk-adjusted Cost without DER Operation

Recall that (as described in Secti.? the chance that DERs do not have to be operated is
almost 90%i(e., if the more extremeral unlikely conditions considered do not occur).
Shown inTable7 andFigurel1 (below) are the results if there is no DER operation required
(i.e.,no operation cost is incurred and no energy credit applies). In that case,-tdjustled
cost for the perfect DER is higher because there is ag@gmrredit.

Table 7. Single-year Risk-adjusted Gross Cost Comparison
of Alternatives, with No DER Operation

Risk-adjusted Risk-adjusted
Gross Cost Gross Cost
Risk-adjusted Relative to Relative to
Direct Cost Risk Gross Cost Do Upgrade Do Nothing
Alternative Siyear MKWy Siyear | S Siyear | S/ S % S %
Do Nothing 0 99 116 99116 -8,151 -7.6%

Do Upgrade] 92,400 14,867 107,267 +8,151 +8.2%

500 kW

Perfect DER| 50,000 | 100.0 | 36,531 731 86,531 1731 -20,7386 -19.3% -12585 | -127%
($100/K\W-year)

600 kKW

Perfect DER| 60,000 | 100.0 | 28,072 468 88,072 1468 -19.1986 -17.9% -11.045 | -11.1%
($100/K\W-year)
Rent Diesel Gensets|
250 kW 5 mos_| 35,640 71.3 39,009 78.0 74,649 1483 -32 618 -30.4% -24 467 | -247%

250 kKW 3 mos.
Rent Diesel Gensets|

350 kW 5 mos_| 43,780 73.0 30,550 509 74330 1239 -32.938 -30.7% -24 787 | -25.0%
250 kW 3 mos.
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Figure 10. Single-year risk-adjusted net cost comparison
of alternatives, with no DER operation.

The riskadjusted cost for thgensetss lower due mostly to reduced fulated cost. The first
genset rental alternativeds direct-adustesit i s $3
gross cost is $74,649 which is 30.4% lower tthenriskadjusted gross cost for the upgrade and

24.7% lower than the ris&djusted gross cost for doing nothing. The second genset rental
alternativeds direct cost i s $adjbtedgBoSscdstrisef | ect
$74,330 whichs 30.7% lower than the upgrade and 25% lower than doing nothing. (For details
about gensetsd cost see Appendi x G.)

(Note: results shown ifable7 andFigurellinclude DER undersizing risk and DER reliabHity
related risk. Arguably, those elements of risk are not incurred if DER operation isedetre
423. Resul tsd Drivers

What follows are summary listings of criteria and considerations that tend to drive results (that
are described above) for a comparison of T&D capacity alternatives based-adjuisted cost.
Also included are considerations tladftect the relative merits of T&D upgrades and DERs used
in lieu of T&D upgraded.

Notable T&Drelated result drivers and considerations include:
1 Load growth uncertainty, especially regarding block loads
1 Frequency and duration of outages due to overloading
T Cost for customersodéd unserved energy needs
1 For the existing T&D equipment
O capacity Aheadroomo or fislacko remainin
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o useful life remaining
o replacement cost
Cost for the T&D upgrade
Fixed charge rate
Uncertainty about construction delays

= =4 4 A

Temperature variabtly and maximum
1 The overload ceiling and floor values used

DER-related drivers and considerations that can have an important effect on results include:
1 DER maturity and familiarity

DER direct cost including maintenance and fuel cost, if any

Whether DER i®wned by a utility or an endser

Whether utility DERs are owned or rented

DER reliability

DER flexibility

Modularity

Fuel type(s)

Transportability

= =2 =4 4 A4 A A -5 -2

Environmental effects, especially air emissions, noise and visual aesthetics

42



5. OPTIMIZING CAPACITY RESOURCESUSING A FLEET OF TRA NSPORTABLE
DERS

5.1. Introduction

Given that DERs6 tend to have relatively high
be used several times/at multiple locations to beeifsttive. Conversely, there may be

attractive and evengnificant opportunities for DERs that are readily transportable and
(re)deployable\is-a-vis DERs that are stationary).

What follows is a characterization of the concept for using a fleet of transportable DERs (fleet
DERs), comprised of modular generatiand/or energy storage, to reduce the cost of and/or to
improve the quality and/or reliability of electric service.

For this report, a fleet of DERs is defined as follows:

1 Two or more readily redeployable DERsvhether owned by the utility, rented or $ed
by the utility, or provided to the utility under terms of a contiaghose outputs are
under the control of the utility.

1 The DERs are transportable and sitable without special or onerous permitting or special
accommodations that would cause deploynaetays of more than a few days.

1 Fleet DER unit power ranges from 100 kW to 1 MW.
1 For energy storage, discharge duration is 0.25 hours to several hours.

Without regard to cost or other practical considerations, a fleet of distributed generation can
include mature technologies such as diesel and ggaition enginedriven natural gas fueled
generators and other newer technologies such as fuel cells.

Some existing and emerging electricity storage technoldgispecially advanced batteries and
possibly fywheel energy storage and supercapacitonay be welsuited to utility fleet DER
operations. Several attractive operational characteristics associated with fleet electricity storage
include: little or no noise, no direct air emissions associated witibgstion, and rapid response

to address many short duration electrical phenomena such excessive reactive power and current
and voltage spikes and sags.

5.2. Enhancing the DER Value Proposition with Transportability

The fleet DER value proposition is attractiee several reasons. Most obviously, transportable
DERs might be used more often than stationary ones. Presuming that additional use leads to
more net (lifecycle) benefits, the DER value proposition is enhanced if the DER capacity is
transportable.

Conside a possibly compelling example: Fleet DERs could be used to address problems at a
summer hot spot and then moved to a winter hot spot in the same year. Redeployable DERs can
be used for a wider array of opportunities than stationary DERs, such as myderdjporary

power or addressing localized temporary or seasonal power quality and/or reliability challenges.
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5.2.1. DERs for T&D Deferral: Diminishing Benefit

For many hot spots, DERs usedieu of T&D capacity are only viable for one to three years
becausedad eventually grows beyond a level that can be servegkffestively or reliably by
DERs. Once that occurs, transportable DERs could be removed or redeployed.

Consider an example case illustratedrigure11 andFigurel2. The case involves the need for
an upgrade to equipment at a T&D hot spot. The existing T&D equipment has a rated load
carrying capacity of 12 MW (12,000 kW). The planned T&D upgrade haslarietalled cost of
$1 million. Using a fixed charge rate of 0.11, the annual cost for the upgrade is $110,000 per
year ($1,000,008 0.11).

Figurellillustrates low the need for capacity on the margin increases due to annual peak

demand growth of 2%/year. In Year 1, the local peak demand is not expected to exceed the
existing T&D equi pmentdés capacity. Early in Y
whether taupgrade for the next year (Year 2) because, as shokigunell, during Year 2

peak demand is expected t o ecarcyiagcdpadtyhbgbolt & D e qu
0.1 MW (100 kW) or 0.83%.

In Year 3, peak demand growth is expected to be about 0.242 MW (242 kW), leading to load
exceeding the existing T&D equipmentdés rating
4, peak demand growth is expected to beaiabd®47 MW (247 kW), leading to load exceeding

the existing T&D equi pmentds rating of about
exceeding T&D equipment rating is a significant portion of the total load, about 7% (0.838 MW

or 838 kW).

0.9 T BAnnual Peak Demand Growth
@ Load Exceeding T&D Capacity

0.8 1+

0.7

0.6

0.5

MW

0.4

0.3

0.2

0 ‘ :

1 2 3 4 5

Year #

Figure 11. Annual load growth and load exceeding equipment rating.
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Figurel2 shows the load exceeding T&D capacity values ffogurell as well as
a) cumulative DER capacity needed andh® annual benefit for that amount of DER. DER is

assumed to cost $1,000/kW installed and $1,000 * 0.11 = $1108aN DERidFiover si ze d 0

20% to account for uncertaintye., DER power is 20% larger than the projected amount of load
T&D equi pmentds | oad

exceedi

ng

t he

| oad Exceeding T&D Capacity (MW)
ez=m Cost-effective DER (MW cumulative)
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Annual T&D Deferral Benefit = 110,000/year.
Annual DER Cosf-ownership = $1,000/kW * 0.11 = $110/kyv.
DER is "oversized" by 20% (DER power = 1.20 x Load Exceeding T&D Capacity)
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Figure 12. Cost-effective DER capacity and single year deferral benefit.

Year 21 117 kW of DER (including 20% oversizing) is needed to serve peak load exceeding the
T&D equi p roarryingdcapacityo Theldirect cost is $1104ars 117 kw = $12,870
for one year. The deferral benefit for the DER capacity is $110,00F kW = $937/kW of

DER deployed.

Year 31 An additional290 kW of DER is needed to serve peak load exceeding the T&D

e gui p me wdrrgirg capaxity,dor a totaf ©.408 MW (408 kW). The direct cost is
$110/kWyear® 408 = $44,880W for one year. The deferral benefit for the DER capacity is
$110,000 408 kW = $270/kW of DER capacity deployed.

Year 417 An additional296 kW of DER is needed (including 20% oversizitoy$erve peak load
T &@rryirggapacipy i eencuniulativd amaudt of DER
deployed is 0.704 MW (704 kW). The direct cost is $1104&%r: 704 kW = $77,440 for one
year. The deferral benefit for the DER capacity is $110;0004 kW = $156/kW of DER in

exceedi

place.

ng

t he
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Year 51 So much DER is needed (>1,000 kW) to keep pace with load growth that it is no longer
costeffective to use DER lieu of the T&D upgradei(e., DER rated at >1 MW and costing
$110/kW has a total direct cost whiekceeds the annual carrying cost for the upgrade.)

Note that in addition to needing a growing amount of [MeRer, the number of DER run hours
also tends to increa$edepending on the load shape. Note also that for the example above, DER
cost is escalatei reflect the time value of money.

5.2.2. Transportable DERs for T&D Deferral: Multiple Benefits

A key advantage to using transportable DERs (versus permanent or stationary DERS) to defer a
T&D upgrade at a specific location is that when a DER is no locwgteffective, it can be

moved to a different location, to defer another T&D upgrade or for another application
(e.g.,improving local power quality).

Figurel3 shows the effect for a hypothetical, but realistic, case. In each of ten years, a
transportable DER is used either

1. to defer a T&D upgrade, for a benefit of $250/kW of DER in Year 1 dollars
or

2. at a T&D hotspot that has power quality/reliabiliyoblems, for a benefit of $75/kW of
DER in Year 1 dollars.
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Figure 13. Ten years of benefits from a transportable DER.
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5.2.3. T&D Life Extension

In the U.S., there is an aging and expensive fleet of underground electric T&D crabits)

that will eventually have to be replaced. An emerging opportunity for stationary and
transportable DERs is to extend the life of some of those underground cables. Depending on
circumstances, utilities could use DERSs to serve a portion of thdqeehkhat would otherwise

be served by one of those underground cables. The goal would be some combination of

a) preventing premature failure of the cable anexignding the useful life of the cable. The

benefit is similar to that for T&D deferrélespe i al |y i f the cabl eds oper

and/ or i1 f the cablebs remaining |ife can be
5.2.4. Electrical Support for the Distribution System

Depending on the type of power conditioning equipment used, fleet DE®=ecially modular
distribuied electricity storage (DE$)could be used to address power quality challenges such as
unacceptable voltage sags or low power factor. Transportable DES could also be used to damp
voltage oscillations that occur when the utility clears a fau.fwhena di st r i bu-t i on
closero is operated after |l ightning or when

5.2.5. Electric Service Reliability

Transportable DERs could be used to provide constant power in parts of the grid where outages
are frequent, such as remote andteleally weak parts of the grid. In those areas, transportable
DER capacity could be deployed in such a way that it provides the equivalent of a conventional
uninterruptible power supply.

5.2.6. Temporary and Emergency Power

Another use for transportable DERauttbbe to provide temporary and emergency power that
would be impractical with permanent or stationary DERs. This could be especially important
given the role that utilities have during disaster response and recovery.

5.2.7. Electric Supply Opportunities

Transpotable DERs could also be used for eleestipply or ancillary services related benefits,
presuming that doing so will not cause localized technical or temporal conflicts with other uses
of the same equipment. For example, a DER that is not in use dunmges and that could be
connected to the grid could be used to provid@eak power and energy, spinning or

emergency reserve, or transmission congestion relief.

5.2.8. A Utility Fleet of Transportable DERs

A fleet of DERSs could be a compelling element of atytframework involving optimization of
risk-adjusted cost for electric service as described in this report. Merely having DERs as an
alternativei ready for rapid deploymeiitmay allow utilities to make otherwise risky decisions
regarding T&D capacity westments bynanagingisk. To some extent, this philosophy is akin
to the concept of jush-time capacity.

Consider a hot spot for which engineers are somewhat certain that the existing T&D equipment
will accommodate one mo ringthgaace i deplpydleetkDERSp a d

a7

a

c
a

gr
as needed, might provide the added confidence required so that engineers may delay an upgrade.



Another example is a situation where customgned DER capacity is not quite adequate at a
specific hot spot. Engineers gnae more inclined to accept a somewhat inadequate amount of
customerowned DER capacity if fleet DERs caniii when and/or if needed.

Similarly, presuming that the DER fleet includes some reserve capacity, and presuming that a
responsetimeofafewbhor s i s acceptable, the fleetds rese
increase DERs®6 eff ect i-upgpowere®ne possiblylowcgst by pr ovi
approach could be to reserve backup generation from local generator rental dealers.

Depending uporlements of the fleet, fleet DERs could be deployed in ways that complement
other DERs. An example is the use of fleet generation and storage as a gestoedg

hybrid. That approach allows for more stable (and possibly more efficient) electric, auithut

less air emissions (relative to fleet generation only), while also providing continuous service for
many hours, for days, or even weeks (which generatniy or storageonly DERs cannot do).

5.3. Build-out of the Utility Transportable DER Fleet

Ideally, a utility would develop a systematic approach to decide how to undertake an orderly and
optimized buildout of transportable DER fleet. The approach would explicitly address the needs
that the DER fleet would be used for, to establish the types, nundbeoaer rating of DER

building blocks in the fleet.

Some important neoost criteria that might affect the DER fleet buildt include the following
(in no particular order):

1 The types and diversity of loads and ars@rs served
1 Demand growth rates andaertainty

1 The maximum allowable and/or technically viable portion of demand that can be
served by DERs

1 The portion of T&D hot spots for which DERs could provide an economically viable
alternative

91 DER startup time required and responsiveness to changinditons
1 DER equipment reliability and life expectancy

Somewhat notable is the fact that many utilities are at least partially familiar with fleet

management given both their use of vehicles and their need to manage a rotating stock of
transformers.[4]OE our se, wutilitiesd6é existing vehicle a
and experience are only somewhat transferable to management of a fleet of transportable DERS,
given the likelihood that utilities will own a relatively small fleet of DERstie¢ato the number

of vehicles and transformers. Nonetheless, to one extent or another, utilities do have fleet
management capabilities.
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6. CONCLUSIONS, OPPORTUNITIES AND NEXT STEP S

6.1. Summary Conclusions

Utilities, their customers and society at large wowddddit if risk-adjusted cost were used to
select the lowest cost T&D capacity alternative to serve marginal load.

For utilitiesi regardless of whether risddjusted cost is considerédise of modular capacity
alternatives can improve T&D asset utilizatj increase capacity expansion flexibility and lead

to lower cost and possibly higher quality service. (Importantly, investern ed ut i | i ti es o
DERs presumes that investowned utility stockholders are made whole; meaning that no equity
capitalgope Aunusedo and there is no reduction of r

owned utility stockholders should be indifferent.).

If risk-adjusted cost is used to make decisions about serving load on the margin, then utility
customersasawholewglay | ess for a gi.e,morekhsandfotr of Auti
additional services can be delivered per dollar spent for each kW of T&D infrastructure).

Furthermore, many interrelated developments in the utility marketplace will drive use of more
sophigicated T&D capacity planning and possibly use of new capacity alternatives. Those
developments include, among others: a) an expanding spectrum of and increased use of

individual DERs,bgr owi ng emphasis on | oandncreasirdjly DER fag
ismarto grid, d) increased e mph ansreased emphasis st r i
on use of demand response, tiofeuse pricing, and locational marginal pricing and

f) increasing needs related to renewables integration, especially distribugseables.

g
b

At the T&D level, drivers of more sophisticated capacity planning includesgasingly

detailed and sophisticated SCARA) increasing availability and quality of historic T&D

related datag.g.,T&D equipment loading history and circuit wansformer loading patterns)

which is closely related to @nproving predictive maintenance approaches and remaining life
assessments for T&D equipment and d) i mprovin
localized operational impacts and impliceis (such as effect on impedance and voltage).

Given the foregoing, it seems likely that elements of theatflsted cost evaluation framework
described in this report will be used, in one form or another, to one extent or another, for more
refined T&D investment decisiemaking. In fact, the methodology isa&) enhancement of
existing T&D capacity planning approaches anddnjsistent with increasingly sophisticated

T&D evaluation and planning practices, methodologies, and tools such as stochastiegnodel

Prospects may be especially good for use of rented or leased DERSs to address T&D investment
risk and to limit the risk and challenges associated with utility ownership of DERs. Currently,
one of the most cosffective DERs is modern, clean and veslyable diesel engine generator
sets.[5] Given the limited (or no) run hours needed to provide necessary service for T&D peak
load reduction: Variable cost (especially fuel) does not contribute significantly to the total cost,
and air emissions should nao¢ a significant hurdle in most areas.

® The acronym SCADA stands for Supervisory Control and Data Acquisition. SCADA systems collect data from
various points withithe T&D system which can be used to make decisions about how to manage and control the
system and its elements.
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Another consideration regarding DER rentals is that rental agencies (primarily for diesel engine
gensets) tend to have access to a fleet of units such that rapid deployment of additional capacity
is plausible, in mangases, should distribution engineers find that the DER deployed is
undersized.

Depending on the circumstances, it may be possible to deploy natural gas fuéledtbé&

than the more problematic diesel fueled generation. Specifically, there is a geovan@f

reci procating engines, small/ micro turbines a
gas fuel. Natural gas is relatively clean, less expensive (per unit of energy) than diesel fuel and in
some cases natural gas pipelines may beraarthe location where the DG is needed.

A potentially significant facet of risk related to T&D expansion (investment) is the possibility
that T&D capacity added will not be needed until a later date or will not needed at all. In
situations where added capacity is not needed until a later date, risk is a function of the annual
cost to own the additional equipment and the number of years durinly thikicapacity added is

not used or is underutilized. For situations involving upgrades that are never needed, the entire
cost to add capacity is at risk. For additional and complementary coverage of the topic, readers
are encouraged to consult a papebioyThomas E. Hoff entitletlsing Distributed Resources

to Manage Risks Caused by Demand Uncertg48ity.

It seems logical to conclude that some or most DER capacity used for risk management may

have to be readily transportable and redeployable. Transportabt vy adds si gni fi ca
potential value because the DERs can be used imerdor several possible applications at a

various locations). And, transportability may be especially important during initial phases of

DER market development due tigh cost per kW for less mature technologies.

One potentially attractive use of a Haljusted cost framework would be to address the need to
replace an aging fleet of underground circuits in the United States. Given the high expense
associated with reptement of those underground circuits (compared to above ground circuits),
replacement deferrals that are possible if modular capacity resources are used could also be
somewhat to very attractive.

If there is a significant installed base of DERs, they cbeldn element of electric supply and/or
fuel-related risk mitigation, depending on DER types and fuels involved.

Finally, consider that the potential aggregate cost reduction for U.S. utilities that employ-the risk
adjusted cost approach could be sigaific A newsletter by the Regulatory Assistance Project
(aka RAP, raponline.org) states that annual investment in distribution systems is at least $5
billion. If using riskadjusted costing reduces distribution capacity cost by a mere 10%, then the
annual aving would be about $500 million per year.[7]

As an aside: In the same report, RAP also addresses the more general topic of optimizing T&D
avoided cost. A RAP newsletter addressing the subject ends with this conclusion:

Distribution system economics arkely to have increasing importance to both

customers and regulators. It is important to take the opportunity to review this

poor fAstep sistero of the system and assur
system expansions or improvements. Formalithag review will help regulators,

legislators and customers attain a greater understanding of the issues involved

and will enable them to develop appropriate policy objectives and the regulatory

tools for achieving them.
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6.2. Richer, More Flexible T&D Capacity Alternatives

One way an approach like that characterized in this report could be implemented is for utilities to
have the flexibility needed for T&D risk and reward sharing. Such flexibility, combined with a
good understanding of the sources and magnifidek, would allow for informed risk

management and prudent risk sharing.

An important way that utilities could accomplish risk and reward sharing is to give their
customers the financial incentive needed to reduce load and/or to provide power (frameeust
owned DERS) as needed. Consider prospects for special rate structures, especially involving
locationspecific pricing. Or, utilities could provide direct capacity payments to customers for a
given amount of load reduction and/or power productiona fepecified number of years.

Utilities could also target and incent energy efficiency improvements that reduce peak demand
where and when needed.

Consider a simple example: A T&D upgrade costs $100,000 per year in carrying costs. The
estimated risk for thdo nothing alternative is $120,000. The utility pays $30,000 teuseds to
reduce load and/or to provide power when and where needed, for one year, such that risk is
reduced to $20,000 if the upgrade is not done. In this example, $50,000 is-tdiusskd cost
associated with deferring the upgradenat is onehalf the cost for the utility to own the upgrade
for one year.

Another way that utilities could optimize risldjusted cost is by contracting for leasing or
renting thirdparty DER capacity sticthat riskadjusted cost is less than the cost for an upgrade.

Depending on the circumstances, utilities may even prefer to pagdovethird-party DER
capacity that could be deployed if needed (in lieu of actwatifingthe capacity). Such
contingency arrangements involving reservation charges would be attractive if they result in
lower cost than would be incurred if the DER capacity is actually rented/leased and deployed.
(Many rental genset providers can rely on regional or even national flagtgthat could be
called upon when needed per reservation terms.)

6.3. R&D Needs and Opportunities
6.3.1. Introduction

The concept of risladjusted cost for utility T&D investment optimization (and electric service

cost reduction) warrants additional research fdeast three primary reasons. First, it seems

likely that more robust consideration of T&®@lated risk will lead to a more comprehensive

valuation of the potential benefits of using modular DERs. Second, regular useaufjusted

cost when making T&Zapacity related decisions would lead to lower overall T&D capacity

cost and thus lower total utility cesf-service. Third, as the electrical grid becomes more

complex, uncertain and dynamic, utility operators and planners will presumably make greater us

of stochastic models and evaluation frameworks, rather than relying on approaches that are
deterministic and/or that emphasize solutions

6.3.2. Next Steps

Based on the relative dearth of data needed to perforradjskted cost evaluatispan
important next step would involve characterizing the following: the dataset needed, existing and
emerging sources for the data, and expectations about the existence of the data in the future.

51



Future availability of such data may be driven by theeiasing sophistication of utility

distribution modeling, monitoring, and forecasting, including use of predictive maintenance and
the implementation of Smart Grid, electric vehicles, locational marginal pricing (LMP), demand
response and load and DER agautemn.

Another important next step is to evaluate additional cases to better understand the range of
possible benefits and the magnitude of the
cases could be hypothetical, thus it would also be helpfevaluate some rebfe cases. Of

special interest are mulgiear effects, which may yield significant, compounded savings.

The authors propose to (in collaborat-ion wi
adjusted cost todl using basic sttistical modeling and to apply that model to actual utility

T&D upgrade projects that have already been completed. The insights gained would be used to
further assess the merits and viability of the-aslusted costing approach and better understand
the capabilities needed for a cesdtective, riskadjusted cost assessment tool.

Given that riskadjusted costing is not standard practice for electric utility distribution planning,
it would be quite helpful to undertake a survey of interested stakebatdetentify challenges

and opportunities related to use of reijusted costing. It may be important to establish a more
formalized theoretical basis for the ralljusted cost concept applying modern finance and
regulatory costing theory.

Givenmodulamnd transportable DERsO6 potenti al as
for managing risk related to electric supply, a Higvel characterization of the potential for
using DERs to manage that risk is timely.
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Appendirnrt Aoduct ManagemBnsKk

What Risk Is

For the purpose of this study, risk is defined as financial exposure, in the form of potential costs
or losses (financial harm), whose magnitude cannot be predicted with certainty. Specifically, risk
reflects the financial implicains of the range of possible future outcomes, and the range of
future outcomes reflects uncertainty about the future. To the extent possible, risk should be
expressed in monetary units so that it can be evaluated along with elements of direct cost, such
equipment purchase and installation cost.

Types and Sources of Uncertainty

A few typical sources of uncertainty affecting business include the level of future economic
activity, the level and types of competition, types and magnitude of costs, and tlgeaimdin

amount of demand. In addition to those typical sources of business uncertainty, other risk sources
affecting the electric utility industry include changing regulations, fuel use and air emissions
rules/mandates, permitting and land use constraimpgly and delivery capacity constraints, and
future fuel supplies and prices.

Risk Management

I n the broadest terms, an organizationds ri sk
prioritize, and manage elements of risk as part of its strateguédainable performance in

competitive markets. The goal is to generate the most benefit for the lowest overall cost, where
overall cost includes risk.

Key elements of the risk management process include:
1 Policies and procedures
T Common #dArisk | anguagebo
1 Risk evaluation tools, techniques and methodology

Once risk has been identified, quantified, and prioritized, it can be managed using a variety of
techniques:

1 Acceptingisk asis
1 Avoidingrisk by eliminating the risky service, product, process, or gebgraljareas
1 Reducingisk through policies, procedures, financial activities, or technology
1 Transferringrisk through insurance, contracts, or futures
Other key benefits of an effective risk management process:

1 More efficient pricing and expense and cdmléocationi with benefits to the
organization and society

1 Increased competitive advantage (from a more keen awareness of risks and related
opportunitie$



1 The organization can be adept at managing existing and new challenges in the evolving
electricity marketplace.

T Quanti fied el ements of risk are power ful d
approval for a specific project, purchase, polaty,

It is important to note that risk management is not used just to avoid unattractive outcomes. If
risk is wellunderstood, it can be used for competitive advantage or to pursue favorable outcomes
that may involve taking on risk in an informed, prudent, and measured way.

Consider a simple example: A vendor is reluctant to provide a specialty product with a high

magi n because it could be |iable for fAvery siog
error. The vendor decides to characterize the actual magnitude of the risk, rather than continuing

to think of it in nebulous terms like very significant. Afteakiating the magnitude of the risk,

the vendor believes that for a cost that is much lower (than the risk), a user training and support
program can be implemented to reduce user error and to reduce risk to a reasonable level. If the
vendor is marketingriented, it may decide to sell the service to its customers.

Risk and Electric Utilities

For electric utility organizations, most risk (beyond general liability) is financial exposure due to
uncertainties related to the economy, shifting customer prefex;emegket trends, competition,
regulation, utility reorganization, institutional challenges such as permits and environmental
impact reports, technology (including some that may be effective substitutes for traditional utility
service).etc

Aswithalloher enterprises, the utilityds total cos
costs associated with risk. To some extent, utilities manage risk in some cases quagwell (

risk related to fuel purchases for weathelated fuel shortages, denabspikes or major pipeline
disruptions). Nevertheless, some types of risk are borne by the ratepayers as a group. Because of
the way utility costs are allocatédising the revenue requirements apprdaasbme types of

risk are spread among all ratepayglistributed risk). Although the effect of risk on the overall
costof-service may seem small when distributed among all ratepayers, risk can beigialon

portion of total cost for any particular project, including a) incremental utility infrastructure

additions (upgrades) or b) replacement of aging equipment.

Consider an example: Incremental transmission and distribution (T&D) infrastructure additions
are made in part based on assumptions about how fast customer peak power requirements (peak
demand) wi grow and whether or not unexpected block loads materialize. Of course, there is
some chance that load will not grow as much as expected and that block load additions will be
less than expected.

If that happens, then there is some fiskthe utility decides to add T&D equipmentthat the

utility will receive less revenue than expected.(the utility will receive fewer dollars of

revenue per dollar of investment in the upgrade than expected). So, the effective cost borne by
utility ratepayers foriie upgrade is higher than expected. Using the revenue requirement
approach, utility ratepayers make up that difference by way of a higher price/bill.

Similarly, when considering whether to upgrade heavily loaded equipment, ofternibéhdag
alternativeis chosen based on assumptions about how much customer peak power requirements
may grow beyond the existing equipmentods rati



than expected. Possible results (risk) may include damage to the existing utilityenijip
service outages, and lost utility revenue. In most cases, most or all of the actual cost (risk) is
borne by customers. Usually, ratepayers as a whole bear the cost of damage-tvunddy
equipment, while customers who are directly affected ndace outage bear the related
expensesg.g.,lost productivity, damage to perishables and damage to their equipment).

Risk and Utility Supply and Transmission Systems

To a large extent, risk related to fuel and electric energy supply is addressed topestictric
utilities. For example, utility fuel purchasing tactics involve hedging and futures, addressing
uncertainties like regional weather differences, changing demand patterns and price volatility.

To the extent possible, risk must be quantifiextpmally in terms of money. Needless to say,

some types of risk are difficult to specify in terms of money. For example, a given decision made

by a wutility might harm the organizationods
qualitative risk was natddressed in this study.[Al]

Risk and Utility Distribution Systems

A logical extension of risk management for energy supply and transmission capacity is risk
management at the distribution level. If nothing else, distribution assets comprise a significant
portion of utility capital investment (equipment) and the-ansler 6 s bi | |

Electricity distribution companies (DISCOs) will face new challenges suchiategation of
distributed resources, including renewablegro)iferation of Smart Grid and denthnesponse;
c) increasing sitingelated hurdles; and dpwnward pressure on distribution cost. One

implication is that DISCO planners may have to take manage and/or take on greater risk, to meet

t he organi zationds busi nobjactvesecduld matutei for exampken d
low-cost delivery, reliable service, and achieving the authorized return on equity (dividends).

Certainly, DISCOs do evaluate risk by 1) explicitly using an increasing array of tools and
techniques and 2) implicitlgy applying engineering judgment. Nevertheless, a key element of
their strategy for success in the increasingly competitive and diverse electricity marketplace will
be to do even more to understand, identify, evaluate, and manage risk.

Risk-adjusted Cost for T&D Expansion Alternatives

In simplest terms, the riskdjusted cost for a specific alternative is the sum of direcipbast

risk. Direct cost comprises the costs to buy or rent and operate a given solution. Direct cost
reflects point estimates of fue values such as rent and fuel price, without regard to uncertainty.
Risk is the alternativepecific expected value of costs or financial losses associated with
uncertainty.

The primary purpose of this study is to characterize the concept of usikepaijusted cost
framework to compare the incremental cost of conventional T&D capacity equipment and
distributed energy resources (DERS) on the margin. The comparison indicates the lowest cost
way to serve peak demand on the margin, on aadiksted codbasis.

The principal benefit associated with this approach is that it would lead to a lower actud} cost
service to ratepayers. Secondarily, effective evaluation allows engineers and planners to make
smarter, better informed decisions about alternatiags to provide capacity on the margin.
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Perspectives on Risk

Four distinct, but interrelated, perspectives on risk are worth noting. As shown in Fapie A
simple terms 1) energy enusbers seek to minimize electricity cost for a given level of utility
service, 2) utility power engineers emphasize levels of reliability specified by regulation
consistent with the concept of obligatitmserve, 3) the finance perspective involves maximized
risk-adjusted returns for a portfolio of (capital) investmentd, &nthe economic or societal

perspective involves an optimization of coshcluding risk and externalitigsfor society.

Table A-1. Stakeholder Risk Perspectives

Perspective Key Criteria Scope
End-user Cost (hassle) and/or Profit Self
Engineering Reliability (at a reasonable cost) Project/Facility
Finance Risk-Adjusted Returns Portfolio
Macroeconomic | All Costs (including externalities) | Societal

Utility engineering design criteria almost always include a théglel of reliability. Many

engineering calculations are based on extreme, but unlikely, conditions that may be encountered.
At some point, the cost to achieve marginal reliability improvement exceeds the marginal
benefit, even for unique situations where reliapit absolutely critical. In many cases, these
assumptions are established using rHoliethumb, standards, or other guidelines.

Consider weather: To account for weather variability, many engineering calculations are made

assuming extreme weathsnditions (primarily temperature). For example, the extreme could
be defined as the maximum temperature that is expected 95% the time. Such assumptions reflect
implicit consideration of risk, where risk involves financial exposure due to the posshmlits t
design is inadequate. That exposure could include, for example, costs related to utility equipment

overloading such as 1) equipment damageftddse, 2) premature equipment repairs or

replacement, and 3) labor costs related to responding to sutage

The contrast between the engineering and finance perspectives is notable. For the most part,

engineers seek to minimize risk for a given project, whereas the finance perspective addresses

risk across a portfolio of projects.

The macroeconomic or sociefgerspective involves an optimization among all stakeholders and
their respective decision criteria, such as-arsl e r
risk adjusted return, and externalities. The societal perspective is used for thisGepsider

an example from this report: Two primary costs addressed here are T&D equipment damage (a
cost incurred by the utility) and cost incurred by electricity-eselrs if electric service is

cost

, ut il

Ity

ser vi

interrupted. While, to some extent, institutional hurdfeske optimization at the societal level
challenging, it is often helpful to begin with the broader perspective when evaluating DER
related opportunities. The societal perspective allows for a comparison of alternatives on a basis
that reflects all costs boe by the key stakeholders: electricity argkrs, the utility, and society.
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AppendAxPBssi ble Framework for
Mulyear T&D Deferral Financi

The following methodology for assessing muyiiar transmission and distribution (T&D)
deferrals was developed by Joe lannuccinéeu of Distributed Utility Associates.

Purpose

Develop a model that indicates how much distributed energy resource (DER) capacity could be
costeffectively adopted to defer an expensive distribution planning area (DPA) expainsion
before it becomes mowmsteffective to replace the DERs with a wires btolat.

Approach

If it is costeffective to use one or more generation DERSs to defer a-DiPdsexpansion plan,

that approach will be taken. A typical benefit/cost test will be used to determine ifrtise w

build-out should be pursued. At this time, we use only a simple shareholder benefit/cost test. The
wrinkle in our approach is to determine how many years a-buildan be deferred and how

many DER units will be needed for the deferral.

Assume thattiis January $of Year 0, and the distribution planners of the local utility must
decide whether to pursue a traditional bwld to meet load growth in a DPA or to install a

DER. Whichever alternative is chosen, it must be in place by DecemBef 3®ar 0 to meet
the expected load growth in Year 1.

Assume the DER is installed. On JanuatyflYear 1, determine whether the buddt can be
deferred another year if additional DERs are installed near/next to the DER that was installed in
Year 0. If osteffective, then install the extra DERs. Continue with that approach in subsequent
years until it is no longer casffective to install more DERs. Then, the buldt is begun, and

the existing DERSs are uninstalled.

Intuitively, it may seem appropriate always install DERs if the addition of their capital cost
($/kW-yr) plus installation and removal costs ($/kW), fixed operations and maintenance costs
(O&M) and variable operating costs are less than the avoided costs of a traditioralbuild

Some gneration DER capital costs are fairly low (such as a natural gas fueled genset), but their
variable operating costs tend to be higher than energy served from central stations. As more and
more DERs are installed, the number of hours that each DER mustalimthe peak of a DPA
load-duration curve must increase. This is because the DPAdimadion curve rises due to load
growth each year. In tandem, over time, deferral costs fall. Together, both factors may put a
brake on DER costffectiveness. If tht were not so, then central station units should be
decommissioned and replaced with DERs in every DPA.

" At this point, it does not matter what entity installs the DEERvhether a utility or an outside vendor.



Assumptions

1. ADER installation in a DPA will not affect the central station generation (G) and
transmission (Travoided costs, because the DER capacity is assumed to be negligible
compared to central station capacity. Also, G and Tr avoided costs do not change over
time.

2. There is no uncertainty. Projected load growth materializes as projected. Also, upgrade
costsand DER costs are known with certainty.

3. Distribution reliability is identical whether a wires buibdit is completed or if a DER
installation is used to defer the wires upgrade.

4. DER involves only generation devices. Yearly DER rentals are available m@ettve
market, and DERSs are available in divisible units. That is, if we need a 392kW DER, it is
available. Also, the $/kW cost of DERs does not vary by size.

5. The combination of DER capital costs and operating costs cannot be so low that central
statiors are completely replaced by DERSs.

6. The value R is the appropriate cost of capitakpressed as a rdtdor the utility and for
the corporation that installs and operates the DER. That is, there are no tax laws or
differences in corporate structure thatuld result in different costs between the utility
and the DER business owner. The DER business owner may or may not be the utility.

7. DPA loadduration curves do not change shape during the years. Rather, they simply shift
upward each year due to perfggtredictable load growth.

8. Inflation is assumed to be zero.

Load-duration Curve

A key element in our approach is the lahdation curve (LDC) in a DPA. If DERs are used to
serve DPA peak load growth, it means that more DERs are needed each yearnmeeard
more local load unless a DPA buibdit is pursued. Below is a mathematical description of a
DPA LDC that allows for a prediction of the amount of load that must be served by DERs and
the number of hours the DERs must operate to serve that load.

Also described mathematically is a ledaration curve for a typical DPA. At first pass, the most
important consideration is to establish a workable mathematical definition. More precise
functions could be developed by fitting a polynomial function thaser&s of terms involving
time raised to successively higher orders. So, it is advisable to start the process more simply.

The following criteria are defined:
LDC = Loadduration curve for a particular DPA
LF = Load factor for a particular DPA

" If DERs were very inexpensive, tharrent central system would disappear, because it would be rapidly replaced
by local generation. This does not preclude DERs being less expensive in some high cost DPAs and therefore being
cost effective for several years.



L = Load inYear 0 in the DPA at any particular hour

PL = Peak load in Year 0 in the DPA

BL = Baseload in Year 0 in the DRAthat is, the load at Hour 8760

T = Hour from 0 to 8760 hours

LG = Yearly load growth in percent in the DPA

Y = Year. Year 0 is the current beginning year; future years are 1, 2efg.

A = Constant set by user: larger values for LDC with a higher LF; smaller values for
LDC with lower LF.

exp = the value of & the base of the natural logaritfinnaised to the specified power.
Let (LF)L = [(PLi BL) 3 exp ¢ T/A) + BL] ® [1+LG]" (LF) be a mathematical description of
an LDC for a DPAin Year Y.

For example, let PL = 5000 kw; BL = 1000 kW; A = 500,000. Let LG =3% and Y =0, the
current year. Then the load (L) at T is

9. T =200 (the highest 28thour) = [(50001 1000)3 exp ¢ 2002 /500,000) + 1000]
3 (1+3%) = 4,692 KW.
In the cost/benefit test to follow, what is needed is the number of hours (T) that a DER must

operate to fAishaveodo the peak | oad soobtiithat an
T = square root-A 3 In(L-(1+LG)" 3 BL)/((1+LG)" 3 (PLT BL))].
Now, | etds assume that a DER must be abl e s

guestion isHow many hours must the DER operate to do tAiér reducing peak load by
300kW using a DER, L becomes 4,700 kW. Solve for T

T = square root {500,000 In(((470('}(1+3%)03 1000)/ ((1+3%3) 3 (5000-1000)))]
=195 hours.

The next step is to investigate what happens to the number of hours the DER must operate in
subsequent years tagkthe peak. Let Y = 1. Now, how many hours must the DER be run to cut
300 kW from the start year peak load? Solve for T where we let Y =1 and

T = square root {500,000° In(((4700(1+3%)"3 1000)/((1+3%} * (50001000))]
= 238 hours.

Of course, theumber of hours that the DER must run in the subsequent year must increase, so
that only 4700 kW of peak load will be served from the central system. In Year 2, T rises to
274hours and so on for future years.
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Benefit/Cost Test
1) Traditional Avoided Costs
G = $/kWyr central station avoided costs
Tr = $/kW-yr transmission avoided costs
D = $/kW-yr avoided costs computed using the deferral method
X = the distribution expansion plan costs ($)
E = $/kWh central station energy costs

LS = peak period line loss in percent (line losses in qféak periods is assumed to be
negligible compared to peak losses)

The deferral value (D) equals the buddt cost (X) times the factor R/(1+R). R is the cost of
capital for both the utility and the corporation who instalhd operates the DER for the benefit
of the utility:

Total Avoided Costs (TAC) =G + Tr + D +¥&(1+LS)3 T.

Note that E is multiplied by T, because T is the number of hours that the DER will operate,
releasing the central system to supply energy terdtdad centers.

2) DER Costs

DERC = DER Costs in $/kWr, including fixed operations and maintenance (O&M),
installation and removal costs. Yearly rental rates are available in a perfectly competitive
market.

VC =Variable Costs per kWh = Heat Ra&t&as @sts + variable O&M in $/kWh.
3) Benefit /Cost Test per kW

On January % of Year 0, distribution planners must decide to either buiftithe DPA with
traditional wires or install a DER. One of these *alternatives will be done and completed by
December 31 Net benefits of installing a DER are

Year O per kW Net Benefit = G + Tr 9B E3 (1+LS)3 Ti (DERG + VC 3 Ty).

Dg and Ty are subscripted 0 to refer to the year in which the buildor DER decision has to be
made. [ refers to distributioravoided costs that are pushed from Year O to Year 1 if the DER

choice is made. glrefers to the number of hours that the DER must operate in Year 1 to defer the
upgrade at least through Year 1.

Below, net benefits are rewritten torgain two term$ one with the capital costs and the other
the variable costs

Year O per kW Net Benefit = [G + Tr +g0 DERG] + [(E 2 (1+LS)i VC) 3 To).

" If the net benefit is greatéan 0, the benefit/cost (B/C) ratio will be greater than 1. If it equals 0, the ratio is 1,
and if it is negative, the ratio is less than 1. It is easier to write the above equation so that a division is not required,
but the above approach is identitah B/C ratio approach.






